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In issuing to the Fellows of the Eoyal Geographical Society and the 
public the fifth edition of Hints to Travellers it is desirable to give some 
account of the various changes the work has gone through before 
reaching its present form. 

As long ago as 1854 the Council of the Society, in consequence of the 
frequent questions addressed to them by intending travellers, requested 
the late Admiral Fitzroy and Lieutenant Baper, E.N., to consider what 
instrumental outfit might best be recommended to explorers. Their 
report, together with suggestions submitted to them by Admirals Smyth 
and Beechey, Colonel Sykes and Mr. Francis Galton, was printed in 
vol xxiv. of the Journal of the Society, and separately circulated in 
pamphlet form under the title of ' Hints to Travellers.' 

The exhaustion of this first edition led, in 1864:, to the revision and 
enlargement of the original work by a Committee of Council, consisting 
of Sir George Back, Admiral Collinson and Mr. Francis Galton. Their 
' Hints ' were prefaced by the remark that they were addressed to a person 
who, proposing to explore a wild country, asks what astronomical and 
other scientific outfit he ought to take with him, and what observations 
he may attempt with a prospect of obtaining accurate results. Hints en 
Photography by Dr. Pole, and on the Collection of Objects in Natural 
History by Mr. Bates, were added. 

The success of this volume resulted in the publication, in 1871, (A a 
third edition under the same editorship. This edition was followed in 
1878 by the fourth, published under the sole editorship of Mr. F. Galton, 
and in a new form more convenient for pocket use. This, in its turn, has 
recently become exhausted. 



IV PREFACE. 

In preparing a fifth edition the Council have been anxious to increase 
the usefulness of the volume^ and to make it meet the in some ways higher 
requirements of a new generation of young travellers, many of whom 
receiye scientific instruction in the Society's office before leaving Eng- 
land. To this end^ Mr. F. Galton being unable again to take charge of 
the work, an Editorial Sub-Committee was appointed to remodel the 
* Hints/ subject to the general direction and advice of a large Committee 
of Council. 

The first object of those charged with the direction of this edition 
has been to famish such help as may be possible within the compass 
of a convenient pocket-book to the intelligent explorer who, in the hope 
of obtaining from his travels valuable geographical results, has been 
at some pains to acquaint himself with the use of instruments. The 
Hints on Surveying, the principal portion of the work, have been placed in 
the hands of Mr. Coles, late E.N., the Society's Map-Curator and Instructor 
in Practical Astronomy and Surveying, who has taken great trouble 
both to add such new matter as his experience in teaching and travel 
lead him to consider requisite, and to combine and rearrange the Hints 
given in the earlier editions by various scientific explorers. 

Many travellers, however, have not the natural disposition or the train- 
ing necessary for this branch of observation. The Editors have desired 
therefore to direct the attention of these to the several ways in which, 
at a trifling expense of well-directed energy, they may add to the daily 
interest of their travels, and bring home results valuable to science. 
With this object the Hints on Collections in Natural History have been 
expanded, and Hints on how and what to observe in other sciences, 
Greology and Anthropology, have been added by Mr. W. T. Blanford and 
Mr. E. B. Tylor respectively. The section on Photography has been re- 
wrilien by Mr. W. F. Donkin, who has, in the High Alps, had exceptional 
experience in taking photographs under circumstances of great difficulty, 
both as to transport and exposure. 

Since the success, and therefore the scientific result, of every journey 
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depends primarily on the health and suitable equipment of the members 
of the expedition, tlie Editors decided further to enlarge the scope of the 
work by supplying Hints on Medical Treatment and Precautions, and on 
General Outfit. The former, drawn up by Surgeon-Major Dobson, will, 
it is belieyed, be found of great value, and are recommended to the best 
attention of travellers. 

In a work of this character numerous omissions must of necessity he 
discovered. In order to reduce their jiumber and importance as far as 
possible, it has throughout been the aim of the Editors not only to 
intrust each chapter to a competent hand, but also to provide for its 
being read and revised before publication by high independent autho- 
rities in the same branch of knowledge. This course could not have 
been carried out without the cordial assent and co-operation of their 
responsible contributors, to whom, as well as to the many gentlemen 
who have given the benefit of their advice, the Council desire to return 
their grateful acknowledgments. 

After careful consideration, it has seemed best to the Editors to supply 
a full Table of Contents in place of »n Alphabetical Index. The arrange- 
ment of the book is such that no one who^ uses it seriously is likely to 
be at ft loss where to look for the particular heading he may require. 

Any corrections or additions which may suggest themselves to readers 
should be communicated to the Secretary of the Society, 1, Savile Row, W., 
for the use. of the Editors of the next Edition. 

11. H. Godwin-Austen. 
J. K. Laughton. 

DotTGLAS W. FrKSHFIKLD. 
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I. 

SURVEYING, AND ASTRONOMICAL OBSERVATIONS. 

By John Coles, f.r.a.s., Instructor to the Boyal GeograpMcal Society,* 

Preliminary Remarks : — The intending traveller who proposes to nnder- 
tajke even the roughest survey of an unexplored country, should make 
himself acquainted with the use and adjustments of every instrument he 
purposes to employ ; he should Jiave a knowledge of plane trigonometry, 
and those computations of practical astronomy which are necessary to 
enable him to fix his position in latitude and longitude. Without such 
previous training it is scarcely possible for him to map the country through 
which he travels, nor will he be able to take advantage of these ' Hints,' as 
the matters dealt with will be beyond his comprehension. The attainment 
of this necessary amount of knowledge is by no n:^^ans difficult, and a few 
weeks of study, under proper instruction, ought, in most cases, to enable 
him, by the aid of the following hints, to do useftd geographical work. 
It is with this end in view that the early portion of this section of 
* Hints to Travellers ' has been written in the simplest form, in the hope 
that it may serve as an introduction to, without at all superseding, the 
necessary text-books on nautical astronomy. 

1. SciBNTiPio Outfit. 
Sextant for regular work — 

A sextant of 6-inch radius, light in weight, by a first-rate maker, 
divided on platinum, to ten minutes, to read to ten seconds. It 

* To the sections which have been supplied by other writers, the author's name 
is in each case appended. 

B 
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should have a movable ground-glass screen in front of the reading- 
off Ions, to tone down a glaring light. 
The handle must be large and convenient; the box capacious enough 
to hold the instrument with its index clamped to any part of the 
arc^ and the receptacle for the inverting telescope long enough to 
allow of it being put into the box when set at focus. 

Sextant for detached expeditions, and for taking altitudes when the other 
sextant is in iise/or lunar s — 

A sextant of 3-inch radius, graduated to W to read to W, in 
a leather cdse, fitted to slip on to a leather belt, to be worn round 
the waist, when required. 

Mercurial Horizon — 

One of the common form by a good maker, will suffice, or the form 
devised by Captain George, e.n., may be preferred. See p. 39. 
Beserve : an iron 3- or 4-ounce bottle of pure mercury. • 

Watches — 

A keyless silver half-chronometer watch, not too heavy, with an open 
face and a second hand. The hands should be of black steel, long 
e]CLOugh to cover the divisions. The divisions should be very clear 
and distinct. See that the second hand falls everywhere truly upon 
the divisions. Heserve ; at least two more good Vatches ; these 
should be rolled up separately, eacji in a loosely-wrapped parcel of 

. dry clothes, and they will never come to harm; they should be 
labelled, and rarely opened. The immediate envelope should be 
free from fluff or dirt. Covers of chamois leather should be washed 
before use. Half-a-dozen spare watch-glasses, fitting easily — ^two 
to each watch (learn from a watchmaker how to put them in). 
Three spare watch-keys ; one might be tied to the sextant-case, one 
wrapped up with each watch. {See p. 40 for further particulars.) 

Mem, : — Chronometers are designedly omitted from this list, on account 
of the proved difficulty of transporting them without injury, and the 
frequent disappointments they have caused, even to very careful 
travellers. 
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A prismatic compass, graduated on silver or aluminium, from 
0° to 360° 

Two pocket compasses, from li to 2 inches in diameter. .The gradua- 
tions on their cards should run from 0° to 360°, and not twice over 
from 0° to 180°. A line for True North, temporarily marked on 
the cards, in the position most appropriate to the magnetic varia- 
tion in the country about to be visited, may be found convenient. 
These compasses should be light in weight, have plenty of depth, 
and be furnished with catches, to relieve the needle from its pivot 
when not used. The needles should work steadily and quickly : 
such as make long, slow oscillatioDs are to be avoided. Cards, 
half black and half white, are recommended. (See p. 15 for further 
particulars.) 

Lantern — 

To be used with oil, and famished with a large wick. JSee that there 
is abundant supply of air from air-holes in the sides; these are 
essential when the lantern is set upon the ground. Also that all 

. the internal fittings can be removed and cleaned, and that they are 
solidly made, not merely soldered. It should be furnished with 
a reflector, to throw a clear light forwards and downwards, A 
movable shade of light green glass will be found to be a great 
improvement, as it prevents the light from dazzling the eyes, and 
enables the observer to take the reading on the sextant with 
greater ease. A good lantern is most important, A small ball of 
spare wick, oil of the best quality, and wax tapers, for use on 
detached expeditions, should also be taken. 

Thermometers — 

Three short and stout boiling-point thermometers, with apparatus 
for boiling them, and the readings of all three, taken at every 
station of observation. (See p. 17 for farther particulars.) 

Three ordinary thermometers, which should be graduated from 10° 
or more below the freezing- to above the boiling-point. 

Standard thermometers, at a charge of 11, each, graduated at the 
Eew Observatory, may be obtained thence, on the «^\i^<i»i4ssv^ 
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of any Fellow of the Royal Society, or Member of the British 
Association. 

Aneroids — 

Large pocket size (2i inches across), capable of working without 
frEictnre over the highest mountain pass that is expected. They 
can be obtained graduated up to 15,000 feet at most instrument 
makers. At any such height, however, their records are not to; be 
depended on. Aneroids are excellent for most differential obser- 
vations, but unreliable for absolute ones : they sheuld be observed, 
as much as possible, in conjunction with the boiling-point ther- 
mometers. Two are required, because simultaneous observations 
are important. Recollect that such observations) taken even at 
distances of two or three hundred miles apart, are pf value ; as the 
areas are usually very large over which the barometer has nearly 
the same height at the same moment of time. For Barometers, see 
" Additional Instruments'^ 

Mapping Instruments — 

A small case of drawing instruments, containing, among other 
things, hair-compasses, beam-compasses, drawing-pen, and a rect- 
angular protractor, with scales of chords, sines, tangents, &c., 
engraved on it. 

Marquois's scales, for ruling parallel lines at definite intervals. 

Protractors : one circular, of metal, of 5 or 6 inches in diameter ; 
one of bom, 5 inches, all graduated, like your compasses, from 
0° to 360^ 

A graduated ruler of 1 foot or more, in metal ; 2 dozen artist's pins. 
Medium size measuring tape, say 12 yards ; pocket ditto, 2 yards. 

Stationery — 

An artist's board, not less than 8 inches by 13, made of light, well- 
seasoned mahogany and what cabinet-makers call ^'framed," to 
rule and draw upon. 

Plenty of good ordinary paper. Reporters* note-books, ruled (not 
^metallic/' for prepared paper wants strength, and the leaves of 
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such books are yery liable to become torn ont and lost ; they are 

also damaged by wet). They should be all of one size, say 

7 inches by 4i, or larger, and numbered. A leather pouch, secured 

to the waist-belt, having a flap buttoning easily over, to hold the 

note-book in use. 
Two (or more) MS. books of strong ruled paper, fDolscap size, each 

with a leather binding; the pages should be numbered, and 

journal observations, agreements, and everything else of value, 

written in them. 
Some sheets of blotting-paper cut up and put here and there in the 

ledgers. 
Transparent cloth for tracing. 
Plenty of brass pens and holders; also fine drawing-pens (steel 

crow-quUls — Brandauer's Oriental pens are very good) and holder. 

FH pencils ; HB ditto. 
Penknives. India-rubber cut up in bits. 
Ink-powders of a kind that do not require vinegar. Bed ink. 
Paints for maps, viz., Indian ink, sepia, lake, cobalt, gamboge, 

oxgall, in a small tin case. 
A dozen sable paint-brushes. 
Materials for " squeezes," if travelling where inscriptions may have 

to be copied. 

Books, Maps, &c, — 

Eaper's Practice of Navigation (Potter, 31, Poultry, London) ; or, 
in default of these, either Inman's (Navigation and Tables bound 
together), or Norie's Navigation. 

Weale's Tables are convenient from their compactness. 

Shadwell's Cards of Formulae (Potter, 31, Poultry, London); 
Bethune's Tables for Travellers (Blackwood and Sons). 

With the help of either of these little publications, the traveller, 
who has any knowledge of mathematics, will thoroughly under- 
stand what he is about, and may, on emergency, dispense with the 
usual cumbrous navigation tables, confining himself to ordinary 
tables of logarithms. But we have recommended that all travellers 
should be furnished with those navigpttiou ta.\As&, X^RW^^e^ *^^^^ 
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afford at a single reference what otherwise requires additional 

trouble to obtain. 
' Nautical Almanac * for current and future years, strongly stitched 

in cloth. 
Some small Almanacs, such as Whitaker's, contain tables of the 

position of sun and planets, and of stars to be occulted. One of 

these is. useful to afford what is necessary to take on a detached 

expedition, tl^ required pages being cut out of it. 
More extended barometric tables than are given in this volume may 

be procured at the instrument-maker's, or cut out from Guyofs 

elaborate Meteorological tables, published by the Smithsonian 

Institution, New York. 
Celestial Maps pasted on calico, and learn how to use them. 
Blank maps, ruled for the latitudes and longitudes of the proposed 

route. 
The best maps obtainable of the coimtry you propose to visit. 
Admiralty Manual for the use of Travellers. 

Mem, — Chauvenet's Astronomy (New York, 2 vols.) is one of the 
most complete and thorough of the mathematical works on 
astronomical observations: it is, however, a book for previous 
study, rather than for reference in the field. 

Additional Instruments^ not necessary^ hut convenient, 

TJieodoUtes, (See pp. 28 and 121.) 

Barometer — (See p. 26). 

Barometers of Fortin's pattern were successftdly carried to great 
heights by Mr. Whymper, in South America; but the risk of' 
breakage, at all times very great, is proportionally greater on longer 
journeys. Captain (xeorge's barometers, which are carried with 
empty tubes andf filled when required, are much more portable 
than mercurial barometers of any other form ; but the filling them 
is a work of time and delicacy, which may be difficult or even 
impossible on a mountain top with an icy wind blowing. 

Tel^cope for observation of eclipses of Jupiter's satellites (see pp. 83 and 86). 
One of 2 inches object glass (clear aperture), and of 40 magnifying 
power, by a really first-rate maker, and well mounted on a stand 
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that can be screwed firmly to a tree or other temporary support 
will be sufficient; but a larger telescope, more substantially 
mounted, is better. In any case, the telescope should be tried on 
Jupiter, and found to give a satisfactory view of the satellites, 
before it is taken. 

Plane table. — ^For information as to its use and the best form of con- 
struction, see Lt.-Col. Godwin Austen's remarks (p. 107). 

Pedometer, — Apt to get out of order. If employed, at least three persons 
should each carry one. 

Pocket levd (Abney's), with a mirror to show where the bubble is, when 
it is held to the eye. It also serves as a clinometer for the 
measurement of slopes. 

Maxima and minima thermometers. 

m 

Main gauge. 

Extracts from a Letter from Sir John Kibe, m.d., e.o.m.g., &c. 

" "When Dr. Livingstone and I crossed the mountains and reached Lake 
Shirwa, our outfit was as follows: one 6-inch sextant, one mercurial 
horizon, one pocket chronometer, two prismatic compasses, one pocket 
compass, one field-glass, one aneroid barometer, two common thermometers, 
two boiling-point thermometers (the brass apparatus commonly supplied 
is quite superfluous), botanical paper, arsenical soap, one wide-mouthed 
bottle containing spirits of wine, pocket-lens, knives, note-books, water- 
colours, mathematical tables, nautical almanac, and wax candles. 

" The sextant and horizon were under the care of one man. They are on 
no account to be contained in the same box, partly from the danger of escape 
of mercury, but more especially to avoid the severe shock which so heavy 
a weight receives when placed on the ground, or shotdd it happen to 
strike against a rock or tree ; and these are contingencies to be expected. 
When carried, the limb should be very lightly clamped on the arc. We 
foimd no better plan when on the march, than having the sextant and 
horizon fastened to opposite ends of a bamboo or stick, and carried over 
the shoulders of one of the porters. All the other instruments not carried 
by ourselves were packed among the other baggage. We read off the 
sextant by the help of the wax candles, which, from the stillness of the 
nights, we were able to use in the open air. On a shoxt ^swrvi^s^ ^sssj^^-^o. 
outfit is all that can be desired." 
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Examination of Instruments, 

Let every Instrnment be tested, and its errors determined and tabulated 
at the Kew Observatory. This is done for a trifling fee. The following 
are some of the present charges :— Ordinary thermometers, Is.; boiling- 
point thermometers, 2s. ^d, ; marine and portable barometers, 10s. ; pris- 
matic compasses,' 2s. 6c?.; superior sextants, 5s. Unifilars, dip circles, 
and other magnetic instruments are also verified. The carriage of the 
instruments to and from the Observatory must be paid. Address — 
"Superintendent of the Kew Observatory, Eichmond, Surrey." The 
establishment lies ten minutes' walk from th,e Eichmond railway station. 
Any persons ordering instruments from opticians may direct them to be 
previously forwarded to Kew for verification, either to the above address, 
or through the receiving establishment at the Meteorological Ofl&ce, 
116, Victoria Street, Westminster, S.W. 

Packing, 

It is difficult to give general rules, because the modes of transport 
vary materially in different countries. Inquiry should be made by the* 
intending traveller at the Eoyal Greographical Society's rooms as to 
the kind of packing best suited for his special purposes and field of 
exploration. The corners of all the instrument cases should be brass- 
bound; the fittings should be screwed, and not glued; and the boxes 
should be large enough to admit of the instruments being taken out and 
replaced with perfect ease. Instrument-makers are apt to attend over- 
much to compactness, making as much as possible go into a small solid 
box, which can easily be put on a shelf; but this is not what a traveller 
wants, bulk being rarely so great a difficulty to him as weight. Above 
all, it is most important that he should be able to get at his instru- 
ments easily, even in the dark. He should notice particularly the manner 
in which the instrument is placed in its box, before taking it out, and in 
the case of a theodolite, observe the positions of the verniers and the 
object end of the telescope, attention to this will prevent much loss of 
time and possible injury to the instrument. Moreover, a large light box 
suffers much less from an accidental concussion than a small and heavy 
one. Thermometers travel best when slipped into india-rubber tubes. 
A coil of such tubing will serve as a floor, to protect a case of delicate 
instruments from the effects of a jar. Horse-hair is of use to replace old 
packing, but it has first to be prepared by steeping in boiling water 
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twisting into a rope, and, after it is firmly set, chopping it into short 
pieces. The hairs retain their curvature and act as springs. Instruments 
trayel excellently when packed in looser tumbled cloths. 

2. Plane Teigonometey. 

The following formulae are of frequent use in all surveying problems. 
In right-angled triangles, B being the right angle, if either A or is 
known, the other is found by subtracting the known angle from 90°. 
For the rest we have :— . 

A 




Case. 


Given. 


Beqnired. 


Solution. 


I 1 


Hyp. AC 
Angles . . 


BaseCB.. 
Perp. A B 


CB = ACXco§C. 
A B = A C X sin C. 


2&j{ 


BuseCB 
Angles .. 


Perp. A B 
Hyp. AC 


A B = C B X tan C. 
AC = CB xsecC. 


4&5{ 


Hyp. AC 
Perp. A B 


Angles .. 
BaseBC 


BinC=AB^AC;co8A = AB-J-AC. 
B C = V(A C + A B) X (A C - A B). 


« { 


Perp. A B 
BaseBC 


Angles .. 
Hyp. AC 


tanC = AB-i-BC;cotA = AB-rBC. 
AC= BC X secC. 



In oblique-angled triangles, if two of the angles are known, the third 
angle is found by subtracting the sum of the two from 180° ; for the rest 
we have : — 
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Table II. 



Case. Given. 



(! The angles 



and side A B. 



2&i 



j Two sides 
AB, BC.and 
j angle C 
I opposite to 
' one of them. 



4&5 



Two sides 

A B, A C, 

and the 

included 

Angle A. 



Required. 



Side B C 
Side AC 



Solution. 



Angle A. 
Angle B. 
Side AC 



All three 
sides. 



Angles 
CandB 



WdeBC 



All the 
Angles 



BC 


^ 


ABX 


sin A 


X 


cosec 


C. 


AC 


= 


AB X 


sinB 


X 


cosec 


C. 


sin A 


, 


sine X 


. BC 


J- 


AB. 




B 


= 


180° - 


(A + 


C). 




AC 


^^ 


AB X 


sin B 


X 


cosec 


C. 



ft — r* A 

tan — - — = (AC - A B) X cot —4- (AC X AB). 

B + C A 

and, — - — = 90° — - : from which 

B + C B-C ^ B + C B-C. 

B = -^ + —Y- : and C = —j- - -^ 

BC = ABxsInAx cosec C. 



From half the sum of the three sides, subtract, separately, 
each of the three sidea Multiply these four numbers (the 
half sum and the three remainder} together, and take twice 
the square root of the product. Tnis result, divided by the 
product of any two of the sides, gives the sine of the angle 
between them. 



The foregoing equations may be solved by multiplication and division, 
with the table of natural sines, cosines, &c. ; but in order to avoid such a 
tedious process, logarithms are usually employed. In calculating with 
logarithms, remember that multiplication is performed by adding together 
the logarithms of the numbers to be multiplied : the sum is the logarithm 
of the product : division is performed by subtracting the logarithm of 
the divisor from the logarithm of the dividend; the remainder is the 
logarithm of the quotient. Eemember also that twice the logarithm of a 
number is the logarithm of its square ; and that half its logarithm is the 
logarithm of its square root. 

The following are some of the most useful examples of the practical 
application of the rules given in Tables I. and II. The angles may be 
measured with a sextant. 

(1.) Wishing to ascertain the height of a point C (Fig. 1), which could 
not be approached nearer than B, I observed the angle of altitude 
CBD = 34°, and measured the distance from B to A = 200 feet, at which 
place I found the angle CAB = 19° SO'. 
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Fjo. 1. 



rromZDBC = )4 
Tnke Z C A B = 19 

Z A C B = 14 




Haying found the / ACB as abore, I then computed the length of BC 
by daae 1, Table If. Then as the Z ODB = 90°, I compnted the height 
CD by Case 1, TaNe I. ' 

('i.) To measure the breadth of a rlTer when standing at B fFig. 2), 
a short distance from it, I sent on a nmn with a staff to a distance which I 
judged to be greater than the breadth of the riTer ; I then motioned him to 
the right and left until he was in snch a position that the reflected im^e 
of the staff wsa shown exactly orer a tree on the opposite bank (as seen 
directly), when I had 90° on the arc of m; sextant ; having set my sextant 
to 45°, I walked in a strait line towards the staff until I reached a 
position. A, where, on looking throngh my sextant, I saw the reflect«d 
image of the tree shown exactly over a mark set np at B (as seen directly). 
I then measured the distance from A to B, which I found to be 220 feet ; 
from this I subtracted 30 feet, the distance of B from the water, and this 
gnre me the breadth of the river, 190 feet 
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(S.) In Older to meaaoie the breadth of e, river I set up a mark, A, 
(Pig. 3) close to the water, from this point I measnred a base of 200 yarda, 
parallel to the oonrse of the riTer, and set up another mark, B, The angles, 
snhtended by a rook on the opposite bank and each end of the base were, 
A 75°, B 40°. I thMi computed the breadth of the river by Case I, 
TaUe II. 



itl^ 



(4.) To ascertain the height of an inaccessible peak, A (Fig. 4), above 
my position C, I meaenred its angle of elevation with a theodolite, and 





fonnd it to be il° as a river behind me prevented i^y taking a base in 
iAai direcldoD, I measured one of 2000 yards to the left of C and set up a 
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mark D. The angles subtended by the peak. A, at each end of the base, 
were found to be, C 94°, D 63°; with these angles and the base CD, I 
computed the side A by Case 1, Table IT. Then as AC is the hypo- 
thenuse of the right-angled triangle ABO, I computed the height of the 
peak by Case 1, TaUe I, 

Fig. 5. 




(5.) The distance between two inaccessible peaks, C and D, (Fig. 5) 
being required, I measured a base, A B, of 1000 yards, setting up a mark 
at each end. 1 then measured the angles between the two peaks, at both 
ends of the base, and found them to be : — at A, 37° and 93° ; at B, 43° 
and 111°. In the triangle ABC, by subtracting the sum of angles A and 
B, = 136°, from 180°, I found the angle C to be 44° ; by a similar process 
I found the angle D in the triangle ABD to be 32°, and in the triangle 
BCD, by subtracting 43°, the smaller angle, from 111°, the greater, I 
found the angle at B = 68°. Haying thus found all the necessary data, 
in the triangle ABC, I computed the side CB (Case 1, Table II,), and 
in the triangle ABD, I computed the side DB (Case 1, Table II.). With 
the sides CB and BD, of the triangle BCD and the included angle B, 1 
computed the side DC (the distance between the inaccessible peaks) by 
Cases 4 and 5, Table II. 



1 '.:. 
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3. SURVBTING WITH THE PeISMATIO CoMPASS, BoILING-POINT 

ThBBMOMETEB, and AlfEBOID. 

This is the most simple^ but, at the same time, the least accurate, mode 
of surveying. The compass is used to measure the horizontal angle»,.the 
aneroid and boiling-point thermometer to find the elevations above sea- 
level, or any other station where simultaneous readings have been tak^n. 
The following is a description of these instruments. 

Prismatic Compass, 




This instrument consists of a magnetic needle. A, balanced on a pivot, 
B, carrying an aluminium ring, 0, divided into 360°; it is graduated from 
the south pole of the needle, — ^by west, north, and east to south again, 
from 0° to 360°, the 0° is not shown on the ring since it coincides with 
360°. A prism, D, is fixed on one side of the box, E, mounted on a hinge- 
joint, d; it can be turned down when not in use, and is attached to a 
plate, e, which slides up and down to suit the vision of the observer. In 
the plate there is a slit idirough which the observer looks ; it has also an 
arm with two dark glasses, F, to protect the eye when taking a bearing 
of the sun. On the opposite side of the box is a sight-vane, G, having 
a fine thread down its centre, and a mirror, H, which slides on and off as 
required ; it can be used with its face up or down, so as to reflect images 
of objects which cannot be directly observed. The sight-vane is also 
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fitted with a faings-joint, and when ghnt down preBses on a levei, which 
lifts the needle off the piTot In front of the aight-vane there is a email 
Btad, s, hj preasiug which with the finger the ring is bronght to rest ; 
it tiao serves to chsok the Tihration of the needle. The hoi, B, has a 
corer, I, which fits either the top or bottom, in which latter position it 
is shown in the drawing, and serves to hold the inBtmment when taking 
an obeerration. Some prismatic compasses have a gi'een card in the place 
of a graduated alnmininm ring ; when this is the case, the amih polo 
of the magnetic needle is placed under the 360° of the card, and this 
of coarse renders such a compass unfit for taking bearings except thcough 
the prism i it will Uierefore be conveifient, for taking rough bearings, for 
the traveller to provide himsdf with a pocket ccanpass having a card 
of the size and pattern shown below ; it should be made of alnmininm, 
which is both light and strong. The compass box should be fitted with 
a lever to Cbrow the magnetic needle off its centre when the compass is 
not in use, and the glass should be thick, flat crystal. 




Obstmationg wUh Ote PTtsmatic Oompats: — To take an observation with 
the prismatic compass, first adjust the prism bj slidii^ it up -and 
down nntil the divisions on the circle are seen distinctly; if a tripod 
stand is used, screw the compass to the ball-and-socket, y*^*^' '^^°^ 
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move the instrnment until it is perfectly horizontal (the same pte^ 
cantion must be taken if it is held in the hand); raise the sight- 
vane until it is perpendicular; look through the «lit in the priam- 
plate, and bring the thread of the sight-vane in a line with the object; 
wait until the magnetic needle comes to rest, and read the bearing 
through the eye-hole in the prism-plate. A bearing thus taken shoifB 
the angle which a straight line drawn from the observer, to the object, 
makes with the magnetic meridian (called the magnetic bearing). To 
get the true bearing the magnetic variation must be applied as follows :— 
If the variation is east add it to the bearing, if west subtract it^ and 
the result in both cases will be the true bearing. Thus : the magnetie 
bearing of an object was 160° and the variation 20° east, then 160° -h 90^ 
= 180°, the true bearing : the bearing of an object was 160° and the 
variation 20° west, then 160° - 20° = 140°, the true bearing; but since 
the magnetic needle vhM be affected equally by variation, within certam 
limits of time and space, the difference of the bearing of any two objects, 
taken from the same station, will be the angle subtended by them, as the 
difference in their azimuths will not be affected by the variation. Whew 
possible, the bearings should be taken at both ends of a base, or line of 
bearing, and the mean should be taken as the correct bearing. When 
the sun's azimuth or amplitude has to be taken, one of the dark glassee 
should be placed before the slit in the prism-plate, and the mirror should 
be moved on the sight-vane until the reflected image of the sun is seen in 
the mirror through the slit in the prism-plate ; the bearing is then taken 
in the manner before described. Great care must be observed when using 
this instrument to avoid all magnetic rocks, as they may so affect it as to 
render all bearings taken in their vicinity useless. 

BoUing-point Thermometer, 

The boiling-point apparatus consists of a thermometer. A, graduated 
from 180°-215°, a spirit lamp, B, which fits into the bottom of a brass 
tube, C, that supports the boiler, D, and a telescopic tube, E, which fits 
tightly on to the top of the boiler. The thermometer is passed down the 
tube, E, from the top until within a short distance from the water, which 
it should never toiich, and is supported in that position by an india-rubber 
washer, F. The steam passes from the boiler up the tube, E, and escapes 
by the hole, G. To pack this instrument for travelling, withdraw the 
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thermometer, and put it into a brass tube, lined with india-rubber, hayii^ 

a pad of cotton-wool at each end ; take off the tube, E, ehut it up and 

put the small end into the boiler, 

D, which it fits, then withdraw the 

spirit lamp, B, screw the cover over 

the wick and replace it in C. The 

whole of this apparatus fits into a 

circular tin case, 6 inches long and 

2, inches in diameter. 

To use the boiling-point ther- 
mometer :— Take the apparatus to 
pieces, ponr some water into the 
boiler, D, the less the better, as it 
will boil qnicker, about <Mie quarter 
foil is quite Bofficieut; then pnt the 
instrument blether as shown in 
tite drawing, taking care that the 
thermometer is at least half au inch 
clear of the water, and light tiie 
spirit lamp : as soon as the water 
boils, the steam, ascending through 
the tnbe, E, will cause the mercury 
to rise ; wait until the mercnry be- 
comes stationary, and then read the . 
Oiermometer; at the same time, 
take the temperatnre of the air in 
the shade witJi an ordinary thcsmo- 
meter. 

When pnrchasing thitf apparatus 
be carefol to see that the lamp is 
large enough to hold a good supply 
of spirit i it is a common fanlt to 
make it too small. A small screen, 
which ma? be made of tin to fold 
np, is most usefnl to place on the 
windward side, and ot a very low 

temperatnre is almost indispensable, as the heat is otherwise catcUii 
off too rapidly for the water to boil properV^ - 
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The Aneroid. 

The general appearance of the aneroid is so well known that it re- 
quires no special description: it is an excellent instrument for laying 
down contour lines; but for absolute heights it should be checked by the 
boiling-point thermometer, because its index error is apt to change : when 
thus checked it is a valuable instrument for measuring heights up to 
8000 feet, but at greater elevations it is quite imreliable. It should be 
sent to Kew Observatory to be tested and have its errors determined 
before and after it has been used by a traveller for the purpose of 
measuring heights. 

In observing with the aneroid, the instrument should always be in the 
same position, as, for instance, with its face horizontal ; merely altering 
the position affects most aneroids with a very sensible difference of 
reading. 

Measurement of Heights with the Aneroid '.—^o measure the difference 
in height between two stations, two instruments should be used and 
the readings taken simultaneously at both stations; but it frequently 
happens that this is impossible, in which case the observations should 
be taken in the following manner: — Take the reading of the aneroid 
and the temperature of the air, in the shade, at the lower station ; repeat 
this at the upper station, and again at the lower station on returning 
to it, but before taking this last reading a short time should be allowed 
to let the aneroid take up its proper working, as a descent will always 
in a greater or less degree affect it. 

On leaving a station to which it is not intended to return, the reading 
of the aneroid should be taken, and the temperature in the shade ; during 
the day's journey the difference between a reading taken and that taken 
at starting will approximately give the difference of height unless there 
has been some atmospheric change. This is only a very rough way of 
ascertaining whether a party, passing through a hilly country, has ascended 
or descended; for the accurate method of computing the difference of 
height of two stations, see example (p. 181). 
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Houte Survey with Prismatic Compass, Boiling-point Thermometer, 

and Aneroids 

For the purpose of illustration, suppose the following to be an extract 
from a traveller's journal : — 

June 1st, — Camp at the foot of hill A. 
* To measure the height of the hill, A, above the camp, I read the aneroid 
and thermometer, first at camp and then on its summit, with the following 
results : — ^At Camp, aneroid, 25*67 inches ; temperature in the shade, 
70° Fahr. ; at the summit of the hill, aneroid, 24:'25 inches ; temperature 
in the- shade, 65° Fahr. At the summit of hill. A, I took the following 
bearings, and a rough sketch of the coxmtry to the north, marking all 
prominent objects with a letter corresponding to the letter given to the 
bearinsr. 

Bearings taken at A : G351°3(y; F340°; E326°; D 808°; C 300°; 
B 288°. All bearings magnetic. 

June 2nd, 8 a.m. — ^Aneroid, 25*7 inches ; temperature in shade, 78° Fahr. 
Struck camp, and travelled in a direct line towards hill marked £ in the 
«ketch, and at a distance, which I estimated to be fifteen geographical miles 
we arrived at the right bank of a river, where we camped for the night. 
The coimtry over which we have passed this day is destitute of trees, 
sandy^ with latches of grass here and there, and gradually slopes down- 
wards from our last camp to our present position. 6 p.m.: aneroid, 
25*98 inches ; temperature in the shade, 68° Fahr. ; took the following 
bearings: — 

Bearings taken at Camp, 2. by River : D 270° ; B 204°; A 146° ; G 102°. 
All bearings magnetic. 

June Srd, 8 aji. — Aneroid, 26*05 inches ; temperature in shade, 78° Fahr. 
Struck camp and forded the river, which, after winding in an easterly 
direction firom the hill, marked D in the sketch, to a point one and a half 
miles N.E. by E. of the ford, takes a bend to the S.E., passing to the west 
of the hill marked G on the sketch. At a distance of one mile below 
the ford a large stream from the north flows into the river. Continued 
to travel in the direction of E, and at noon found that we had arrived at 
a x)oint where C and F and our position were in one line of bearing — 164° 
and 244° magnetic ; during our halt, boiled a thermometer and read the 
aneroid with the following results : water boiled at 204*3° *, oaaxov^^^^*^^ 
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inches ; temperature in the shade, 71° Fahr. 3 p.m. Resumed our jonmey, 
and at 6*30 p.m. reached the summit of the hill, E, where we camped ; esti- 
mated distance travelled, nineteen geographical miles. Aneroid, 24*60 
inches; water boiled at 202*3°; temperature in the shade, 64° Fahr. 
Since leaving camp this morning the cotmtry through which we passed 
was covered with vegetation, and we had the large stream to the right of 
us throughout the day. From this hill, E, we can see that the river "^e 
forded this morning takes its rise in the range of hills to the west of onr 
present position, and flows with a winding course through the valley at 
the foot of the hill, D, and so past our last camping-ground. 

Bearings taken at E : C 236° 30', and southern end of summit of same 
range, H 215° ; D 174° ; B 169° ; A 146° ; G 131° 30' ; F 108°. AU bearings 
magnetic. 

June Aih, 8 A.M. — ^Aneroid, 24*65 inches; temx)erature in shade, 66° Fahr. 
Set out in a N.W. direction, and having no prominent object in view on the 
line of march, I noticed the direction in which my shadow was cast, and 
by this means, allowing for the sun's apparent motion, I avoided making 
any general deviation from the direction in which I wished to travel. 
Arriving at a small lake, we camped, having come an estimated dis-» 
tance of twelve geographical miles. Fixed the position of the lake by 
bearings of and E. Aneroid, 25*50 inches; temperature in shade, 
70° Fahr. 

Bearings taken at Camp, near Lake : C 203° 30'; H 185° 34' ; E 116° Sa 
All bearings magnetic. 

To Plot the Bearings: — The bearings should be corrected for the 
variation of compass. This is a known quantity and can be ascer- 
tained approximately from the annexed map ; * otherwise the traveller 
must plot his work on the magnetic meridian, and expressly state that 
he has done so. In the present instance we will suppose the variation 
to be 20° east, and as no sextant has been used to take the necessary 
observations for finding errors caused by local attraction (see pp. 
65 and 66), this will be the only correction, and must be appli^i 
as directed on page 16; thus the bearing 351° 30' magnetic, will be 

* In the present case it is supposed that the traveller is not provided with the 
InstmmeQts neoessary to take observations for finding the true bearing by a 
heavenly body. 
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371° 30' true, and so on. Haying first corrected all the bearings in 
the manner described, lay down on the paper a line representing "fche 
true meridian^ i.e. the true north and south, and another at right angles 
to it, representing true east and west; then through the station. A, 
with a pencil, draw a line parallel to the true meridian, place the centre 
mark of the protractor on A, and taking care to see that the 360° of 
the protractor* is on the line drawn through the station, A, set off 
the corrected bearings as marked on the protractor; this ox)eration 
must be repeated at every station where bearings have been taken, 
and the intersection of two lines of bearing of any one point, as taken 
from two different stations, will fix the position of that point with 
reference to those stations. The aneroid readings, and the boiling- 
point, furnish us with the means of ascertaining the difference in height 
of two stations, and may be computed by the tables (see p. 181), or, 
where the height is not considerable, by a simple arithmetical process as 
follows : — 

Take the sum and difference of the aneroid readings, at the upper and 
lower station, get the mean of the temperature in the shade at the two 
stations. Then, sum of readings : difference of readings : : 55,000 : the 
difference in height. Increase the result thus found by -^ of itself for 
every degree that the mean temperature in the shade at the two stations 
exceeds 55° ; subtract the like amount if it is below 55°. The aneroid 
readings, in the example, computed by the tables and this formula, will 
show a very close agreement. 

^dr** By Tables.' 
Feet. Feet. 

A, above Camp 1 1608*5 .... 1603*8 

Ist Camp above 2nd Camp 310 .... 308*8 

Foot of Kange above 2nd Camp .. .. 477*2 .... 475*9 

Height of Eange E 1148*2 .... 1145*0 

„ by Boiling point 1155*3 

E above Lake ..* 959*2 .... 956*5 

For plotting the work in the field, a scale of one inch to the geographical 
mile will exhibit all the main features of a country traversed in a day's 
journey. Special plans must be drawn on a scale suited to the area they 
are intended to represent ; but whatever scale is chosen for the field work, 
it should be large enough to admit of considerable redactio\i m \Jcka l^aa. 
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plan, as by this process all errors are diminished. The projection of maps 
is i^iirposely omitted here, as it is dealt with separately (see p. 104) ; it will, 
however, be of great assistance to the traveller if he provides himself with 
a blank map, on the scale of ten geographical miles to an inch, of sufficient 
range in latitude and longitude to include the country he intends to 
explore ; he should also procure some paper ruled with dark lines into 
inch squares, and these again subdivided into five smaller squares ; this 
will be useful to him for plotting his work in the field, and should be 
made up in the form of an ordinary sketching block. Should the latitude 
and longitude of the point of departure be known, the latitude and longi- 
tude of any place on his route can be approximately determined by 
working the traverse as directed in articles 286 and 324 of Eaper, or 
pages 71-73 and 99 of Norie. It must not, however, be supposed that 
an accurate survey of a large tract of country can be made with the 
aneroid, prismatic compass, and boiling-point thermometer; the moBt 
that a traveller could expect to do with the aid of these instruments 
would be to make a rough sketch of the country through which he 
passed ; but instances are not wanting where travellers, by a judicious 
use of these simple instruments, have added very considerably to oux 
geographical knowledge. The map of Schweinfttrth's journey to tlie 
Welle is an example of what can be done with the material furnished 
by such observations. 

The weak points in this method of surveying are the errors caused l>y 
false estimates of the distance travelled, and those arising &om the effects 
of local attraction on the compass. Knowing these sources of error, 
every care should be taken to guard against them. With regard to dis- 
tance, the only safe way of estimating it, is by carefully noting the tim© 
occupied in passing from one place to another; in almost all countries 
bodies of men have a nearly uniform rate of progression, and by taking 
an early opportunity of noting this rate, the distance traversed ix^ 
a known period of time can be fairly estimated. Schweinfurth, befojr^ 
setting out on his great journey to the Welle, carefully noted the tim^ 
which it took him to pass over a known distance at a regular pace, to 
which he had trained himself; and truly wonderful results have beaJ^ 
attained by native surveyors in India by following the same plan. Tb.^ 
only precautions that can be taken against the effects of local attraction* 
on the compiusBj &re, to be careful when taking a bearing to put all arm^^ 
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such as muskets, at some distance &om the compass ; as a general rule, 
where possible, to avoid all rocks; and to take bearings both forward 
and backward on the route travelled, taking their mean as the magnetic 
direction of the route. In a country thickly covered with forest it is 
most difficult to distinguish landmarks. The traveller may, however, 
sometimes leave a mark recognizable at some miles distance by giving 
a little consideration to -it, and knowing the direction in which he is 
proceeding. 

Enter every observation, and change made in the general direction 
travelled, with the date and time, in the journal ; as without attention 
to this, much valuable information may be lost. When preparing MS. 
to be sent home for publication, write each of the native names at least 
oncey in printing character. Numerous errors and great loss of time 
frequently result from the attempt to decipher proper names written by 
travellers in their ordinary handwriting only. 

The bearings given in the journal have been laid down on the annexed 
map, corrected for 20° easterly variation, and will serve to illustrate the 
maimer in which this portion of the work is done. 

4. EXTEMPOBABY MeASUBEMENTS. 

Bough angular measurements may be taken by the span at arm's 
length. From the end of the thumb to the end of the middle finger 
subtends an angle of 15° ; the full span to the end of the little finger 
subtends an angle of 18°. This may be easily checked by spanning 
round the horizon ; twenty spans make the circuit. It is at all times 
well to know the length of the different joints of the limbs. Suppose the 
nail-joint of the forefinger to be 1 inch, the next joint will be li inches, 
the next 2 inches, and from the knuckle to the wrist 4 inches ; in this 
case the finger is bent, so that each joint may be measured separately, 
though, when held straight, the distance from the tip of the forefinger to 
fhe wrist would be only 7 inches. The span with thumb and forefinger 
would be 8 inches, and with the thumb and any of the other three 
9 inches, or equal to the length of the foot ; from the wrist to the elbow 
would be 10 inches, and from elbow to fotefinger 17 inches, and from 
collar-bone to forefinger 2 feet 8 inches ; height to the middle of the knee- 
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cap 18 inches. From the elbow to the forefinger is usually called a cubit, 
but it is seldom strictly so, an English cubit being generally stated as 
18 inches. In like manner the full stretch of the extended arms is 
called a fathom; but it is generally somewhat less. 

The i>ace is commonly supposed to be 2h feet, but this is a most 
imcertain mode of measurement. Very few men, vnihout practice^ can 
take correctly a hundred consecutive steps or paces of the same length. 
Practice will determine the amount of ground covered in a certain 
number of paces, if tried over known distances; it of course varies, but 
from experiment the mean has been found nearly as follows : 

Pacing, at 80 inches per pace, of 108 in a minute, equals 270 feet, or 
3'068 statute, or 2*66 geographical miles per hour. 

Pacing quickly, at 30 inches per pace, of 120 in a minute, equals 
800 feet, or 3'41 statute, or 2*96 geographical miles per hour. 

Pacing slowly, at 36 inches, may average 60 per minute, equals 
180 feet, or 2-04: statute, or 1*78 geographical miles per hour. 

The height of a tree, or other accessible object, may be found ap- 
proximately by walking away from it, until, with your back to the tree, 
by bowing your head down as far as you can, and looking between your 
legs, the tree top is just seen ; then pace the distance to the tree, and this 
will be its height. This method is in common use in the logging camps 
of North- West America, and &om constant practice the backwoodsman 
will tell to a few feet how far the top of a tree, he is going to cut down, 
will reach. The legs must be kept straight, and only sufficient space left 
just to see between them. 

Sound travels at the rate of about 1130 feet in one second in cahn 
weather and temperature 60° Fahr.; a moderate breeze accelerates or 
retards sound by about 20 feet in a second. When a gun is used 
to measure distance it should always be pointed at an angle of 
about 45° to the horizon. This method will be found most useful 
in making rough surveys of winding rivers or lakes, where it is im- 
possible to land on account of the dense undergrowth or the swampy 
nature of the banks. Great accuracy may be obtained if a gun is fired 
at each end. The thermometer should also be taken and recorded in 
order that the distances may be corrected for temperature in the fair 
plan. 
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To set off a Right Amjlefrom any point on the ground by means of a Bope. 

To set off from any point A, a line at right • ^ 

angles to a giyen direction, as A E, measure 
an equal distance on each side of A, in the 
same straight line as A E, this equal distance 
being about one-fov/rth of the length of the 
rope. Let C and D be these points. Fasten 
the ends of the rope at .0 and D^ and 
having ascertained the centre of the rope ^ 

by doubJing it, the centre should be drawn ^^ .^ 

out towards B, until D B and C B are tight ^^ - .^ 

Then E A B will be a right angle; there- ^ '-^^ p 

fore, as we are thus able to set off a right ^ ,,-''' 

angle to any line, the distance of any inac- ^^^-'' 

cessible object may be obtained by either of --'"' 

the three following ways:— ^ 

To find the Distance of an inaccessible object with a Measuring Line, 
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By Fig. 1. — From the line A D measure off the perpendiculars A C, 
D E, ranging the point C in line with E B, then 

AB=4^jiAD 

DE - AC ^ 

By Fig. 2. — ^Fix any conyenient points H and K. Join H K and bisect 
it in J ; make J L = J F, and range I in line with H L and with J G; 
thenLI = FG. 

By Fig. 3.— Set off M at right angles to P, and M N at right angles 

toMP; thenOP = ^. 

ON 

5. Captain Geobgb's Mebcubial Babombteb. 
To Fill:— Spiral Cord Method, 

Take the tube out of the tripod stand, unscrew the short part of 
brass tube and take out the tube ; insert it carefully into the cistern with 
a screw-like motion through the rubber plug until the end of the tube is 
opposite the scratch in the middle of the cistern. Then screw on the 
smaller half of the brass tube and pass it down through the top of the 
stand (cistern uppermost) until it rests on it. Take off the bottom of the 
cistern and thrust the feather end of the spiral cord down to the bottom 
of the tuba Now take the filterer and pour the mercury down the orifice 
of the tube until the cistern and tube are filled. Give the spiral cord 
circular motion from right to left until it works itself out of the tube. 
Then fill in more mercury up to the top of cistern. 

Screw on the lower stopper tight, take the barometer out of the stand, 
and invert it : try if it gives a sharp metallic click-like sound : then pass it 
upwards through the centre of the tripod stand, guiding the projecting 
arms through the notches, and giving it a quarter turn, land it in its 
place, where it will swing perpendicular. 

Let it rest a few minutes, and then read off the upper scale first and 
then the lower ; their difference is the true reading, if the zero is immersed 
in the mercury ; but their sum if the zero is above the mercury in the 
cistern. 

To Empty the Barometer, 

Screw down the flange, and thus secure the mercury in the cistern. 
Take the barometer out of the stand. Reverse it gently and let the 
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round end of the tube rest on the floor, while you reverse your right 
hand. 

Unscrew the lower cap, tapping it gently to shake off the globules into 
the cistern. 

Empty out the mercury into the wooden box, holding the fore-finger 
across the lower part of the orifice of the cistern. This prevents its msh- 
ing out too quick, and avoids spilling the mercury. Place the empty 
barometer in its stand. 

Pour the mercury from the wooden box into the iron bottle. Secure it 
by the screw plug. But if you are going to re-fill, take out the upper plug 
and screw on the filterer. 

Clean the tube and cistern, inside and out, and it will be ready for 
re-filling again, or being stowed away in its case and stand. 

6. Dbsobiption and Adjustments of the Six-inch Transit 

Theodolite. 

The following are the names of the various parts of this instrument to 
which reference is made in the remarks on its adjustments. 

A is the Vernier-plate ; it is furnished with two verniers a 180° apart, 
graduated to 10". B is the Lower plate ; it is graduated into 360°, each 
degree being again subdivided into lO', and can with the vernier be read 
to 10". These two plates combined are called the Horizontal limb, and 
revolve independently of one another, but when required can b^ made to 
move together by tightening the Clamp-screw C; the slow motion is 
obtained by the Tangent-screw D ; the lower plate has also a Clamp B, 
and a Tangent-screw P. G G, the Parallel plates, are held together by the 
Horizontal axis, H. There are four Levelling screws, 1,1,1,1, one of 
which is not shown in the drawing. K is the Tripod, on which the 
instrument is firmly screwed, underneath, in the centre, there is a hook 
(not shown in the drawing) from which to suspend a plummet in order 
to indicate the exact position where the station peg is to be driven 
into the ground. The vernier-plate carries a compass, L, in its centre 
between the supports of the Telescope, 0; it is graduated into 860*'> 
and fitted with a screw, M, to lift the . magnetic needle off its centr© 
when not in use. The two Frames, NN, carry the Bearings, V, for tb© 
telescope, with its level, P, and the graduated circle, K, called the Verti" 
cal limb, with its two verniers, ss, and Microscopes, mm. The vertic5^ 
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• 

limb is graduated from 0° to 90° through one quadrant, then again 
from 90° to 0° in the next quadrant, and so on round the circle ; the 
degrees are subdivided into lO', and with the verniers, read to 10".- The 
horizontal axis of the telescope is formed of two cones, the larger ends of 
which are attached to the telescope tube, while the small ends, called the 
Pivots, p, are ground into two perfectly equal cylinders ; the pivot which 
does not carry the vertical limb, is pierced, and allows the light of a lamp 
to fall upon a small reflector (not shown in the drawing) which is screwed 
into the centre, on the axis of the telescope, and inclined to it at an angle 
of 45°, by which means the light is thrown directly down the telescope, 
and illuminates the fine threads, or web, attached to a Diaphragm inside 
the telescope, which is kept in its place and adjusted by the screws yy, 
of which there are four. The Index-bar, x, is fixed in its place by the 
Clip-screwsy z z. The vertical-limb is furnished with a Clamp (not shown 
in the drawing), and a Tangent-screw, w ; dd are levels at right angles to 
one another ; I and h are the small lantern, and its holder, which fits 
into a slot in the frame on the side opposite to the vertical limb ; ^^ are 
capstan-headed screws for adjusting the telescope level. The telescope is 
brought to focus by a milled screw not far from the object-glass ; a dia- 
gonal eye-piece is also supplied with the instrument, and is extremely 
useful in astronomical observations ; ^ is a capstan-headed screw used in 
adjusting the axis of the telescope. 

Adjustments. 

Parallax, — This adjustment is made by moving the sliding tube of the 
eye-piece until the threads of diaphragm are seen sharply defined against 
the sky, and then by pointing the telescope at some object, and bringing 
it to the proper focus by the milled head screw near the object-glass. 

Adjustment for Collimation. — Set tho instrument as nearly level as can 
be done with the eye, then clamp the lower plate B, and, having un- 
damped the vernier-plate A, direct the telescope on some well defined 
object, and bring it into coincidence with the point of intersection of the 
threads of the diaphragm; take the reading on the horizontal limb 
A B, suppose it to be 20°, then move the vernier-plate A, half round, turn 
the telescope over, and again intersect the object, taking the reading on 
the horizontal limb, suppose 200° 2' 30", take the difference between this 
and the first reading + 180° (which in the present case would be 200°), 
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and the difference wonld be 2^ 30" ; halve this difference, and subtract it 
from the second reading, when it is greater than the first reading + 180°, 
and add it when it is less ; this is the mean reading ( = 200° 1' W) ; set 
and clamp the instrmnent to this mean reading, and intersect the object 
by means of the capstan-headed screws yy, which move the diaphragm, 
taking care to loosen one before moving the other. Eepeat this operation 
until the readings taken with the instrument in these two different 
positions, face right and face left, differ from one another by 180°. 

Adjustment of the Telescope Level, — Level the instrument carefully on 
the azimtith axis H, by means of the levels dd ovl the horizontal limb 
A B ; next, take a pair of verticals, i.e. on faces right and left, to any well- 
defined terrestrial object ; set the vertical circle E to the mean of these 
leadings, and clamp it ; now intersect the object, using the two screws z z, 
which dip the limb of the vertical circle x to the stud in the frames NN, 
which carry the bearings, V, for the telescope, and not the tangent 
screw W; then repeat the process as before. Remember that after 
each pair of readings, the mean is to be taken, and the object intersected 
by the clip-screws zz, and not by the tangent screw W; and when the 
readings on the right face agree with the left face, the index error will 
be 0. Next clamp the vertical circle R at 0° 0' 0" altitude, and bring the 
bubble of the telescope level to the middle of its run by means of its 
adjusting screws g, and the level will be in adjustment. With regard to 
the clips z z, which keep the vernier « s in position,* never unscrew both 
after the adjustment has been made ; but to release the vertical circle 
before putting the instrument into its box, unscrew only one of the clips, 
and mark it so that it may be known, and use this same screw when 
setting up the instrument again. The other clip-screw should never be 
touched; and, indeed, it would be an improvement if one of the clip- 
screws were fitted with a lock-nut by which it would be kept in its 
proper place, and at once be distinguished from the working screw^ 

AdjustTnent of the horizontal limb. — Tighten the clamp-screw E, unclamp 
the vernier-plate A, and turn it round until the telescope is immediately 
over two of the parallel plate-screws 1 1 ; bring the bubble in the tele- 
scope level P to the middle of its run by turning the tangent-screw W ; 
tnm the vernier-plate 180°, so as to bring the telescope again over the 
same screws, but with its ends in a reverse position. If the bubble of 
telescope level does not remain in the middle of its run, bring it bwtfe^ 



32 HINTS TO TBAVELLEES. 

to that position, half by the parallel plate-screws 1 1, and half by the 
tangent-screw W. This operation must be repeated until the bubble 
remains accurately in the centre of its run in both positions of the tele- 
scope ; now turn the vernier-plate A until the telescope is directly over 
the other pair of parallel plate-screws, and bring the bubble to the 
middle of its run by turning these screws. The bubble should now 
retain its position, while the vernier-plate is turned completely round, 
showing that the internal azimuth axis, about which it turns, is truly 
vertical. Clamp the vernier-plate to the lower plate by turning the 
clamp-screw C, and loosen the clamp-screw E; move the instrument 
round its azimuthal axis, and if the bubble retains its central position 
during a complete revolution, the external azimuth is truly parallel with 
the internal ; when this is not the case, the instrument must be sent to 
the maker, as this fault cannot be remedied by the traveller. 

It is most probable that the level on the vernier-plate will now be 
found out of adjustment, and the bubbles must be brought to the middle of 
their run by turning the capstan-head screws at the end of each of them. 

Horizontcdity of the Axis of the Telescope. — This is to be tested by the 
striding-level, which is supplied with the instrument. Apply it to the 
pivots p, and if .the bubble is not in the middle of its run, bring it to 
that position by turning tho capstan-headed screws t under the movaUe 
bearing. If there is no striding-level, this adjustment can be tested by 
observing a long plumb-line, first making the intersection of the threads 
in the diaphragm coincide with this line, and then, if the point of 
intersection moves along the line when the telescope is elevated or 
depressed, the adjustment is perfect ; if not, it must be made to do 80 
by turning the capstan-headed screws. 

The adjustments can be tested in the following simple manner : — ^With 
the plunmiet supplied with the instrument, find the exact central spot 
over which the instrument stands ; drive a peg into this place, and fEUSten 
a cord to the peg ; now go in any direction, for say 40 feet, and drive in 
another peg, stretch the line tight between these pegs, and then intersect 
the line with the threads in the diaphragm, clamp the horizontal plates, 
and if the intersection remains perfect while the telescope is moved on its 
axis, the adjustments are so far correct. Next move the outer peg about 
90° (with the same radius) from its first position, and again drive it into 
the ground and draw the line tight as before ; unclamp the vernier-plate, 
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keeping the lower plate clamped, and repeat the previons operation, if 
the point of intersection of the threads in the diaphragm keep on the line 
while the telescope is moved on its axis, the theodolite is in adjustment, 
if not, the adjustments should be gone over again. 

The Vernier of the Vertical limh. — When the foregoing adjustments have 
been made, set the vernier of the vertical limb to 0° 0' 0", and bring the 
bubble of the telescope level to the middle of its run by turning the clip 
screws. The instrument will now be in adjustment and ready for use. 

All first-class instrument makers are very careful, for the sake of their 
reputation, to see that the theodolite is in perfect adjustment when it 
leaves their hands, and with the careful treatment which this instrument 
should always receive, is not likely to get out of order ; it is, nevertheless, 
necessary from time to time to test these adjustments. 

7. The Sextant and its Adjustments. 

The principle on which the sextant is constructed is this : — that the 
angle between the first and last directions of a ray which has suffered two 
reflections in one plane, is equal to twice the inclination of the reflecting 
surfaces to each other; the arc on which the angle is measured must 
therefore be divided into double the number of degrees which properly 
belong to an arc of the same extent. With this instrument we can 
measure the angle between two objects, in whatever direction they may 
be placed, provided the angle is within its limits. 

With the aid of the following figure, the different parts of the sextant, 
with their names, may be distinguished. A is a plane mirror called the 
index glass ; it is set in a frame, and is fixed on a centre perpendicular to 
the plane of the instrument ; it moves with the index bar, B C, the end 
of which C slides over the arc, E F, which is graduated (on an inlaid 
plate of platinum) from 0° to about 140° ; each of these degrees, according 
to the radius of the instrument, is divided into W or 2(y, and these are 
subdivided by the vernier, D, into 10" or 20" ; these divisions on the arc 
Me continued a short distance on the other side of zero (0°) towards F, 
fonning what is termed the arc of excess. The index is secured to the 
«rc by the clamp screw G, which must be released when the index has to 
be moved over a large portion of the arc. In order to obtain the slow 
motion necessary for the accurate measurement of an angle, a tangent 
screw, H, is fixed to the index, but does not act until the index is fastened 
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by the clamp ecrew. I ia a fixed plane glass, the lower half of which,jiext 
to the frame of the iDstiDmeiit, ia Bilvered, and the nppet half left deai; 
it is called the horizon glass, and must be perpendicolai to the plane ti 
the instrument, in such a positioD that its plane shall be parallel to tiie 
plane of the index glass when the index points to zeio (0°) on the aio ; it 




Sexiaki. 

is adjusted by means of the screw K.* L and M are coloured glasses of 
different depths of shade, any one, or more of which, can be turned down 
before either tiie index, or horizon glasses to moderate the intenMiy of 



• The 



and position of this ec 
the adjustment is made by ti 
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the light before reaching the eye, when a bright object, such as the sun, 
is observed. N is a microscope which is carried on a movable arm 0, 
and can be adjusted to read the divisions on the graduated arc and 
vernier. The telescope, T, is carried by a double ring, K, so constructed 
that it furnishes means of adjusting the line of collimation ; this ring is 
attached to a stem, S, which can be raised or lowered until objects seen 
by reflection, and directly, appear of the same brightness. U is the handle 
which is sometimes fitted with a brass centre, having a hole in it, to 
admit of its being fastened to a stand. 

Adjustments. 

The principal adjustments are the following : — 

1. To make the index glass perpendicular to the plane of the 

instrument. 

2. To make the horizon glass perpendicular to the plane of the 

instrument, and parallel to tiie inder glass when the index points 
to zero (0°) on the arc. 

3. To make the axis of the telescope parallel to the plane of the 

instrument, in which the index moves. 

\st Adjustment — This adjustment rests with the maker ; and being 
once made, cannot be deranged, except by a fall or a blow, against which 
every precaution must be taken. The instrument should, however, be 
occasionally verified by the observer in the following manner : — Set the 
index at 60° ; and, holding the sextant in the left hand, with the right 
move the index gently backwards and forwards, looking, as you do so, 
obliquely into the index glass ; then, if the image of the arc in the mirror 
appears in perfect continuation of the arc itself, the adjustment is perfect ; 
when this is not the case, the index glass is out of adjustment. If the 
deiangement is great, the sextant is for the time being useless : if small, 
it m&j possibly be remedied by means of certain screws sometimes 
(though seldom) fitted at the back of the glass ; but it is better to leave 
it alone ; an inexperienced observer would most probably only make it 
worse. A man who has a thorough knowledge of his instrument can 
take off the frame, and, by hammering and tinkering, get it put square 
and straight; in replacing it, wedging it up, if necessary for perfect 
adjustment, with small folds of paper. A very bad derangement may ha 
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put to rights in this way; but it is, very evidently, a thing not to be 
rashly attempted. 

2nd Adjustment — ^Having screwed in the telescope, look throngh it, and 
the horizon glass at the sun, or still better, a star, and move the index 
backwards and forwards, on each side of zero (0°), when the reflected 
image of the object ought to pass exactly over the object itself. If it does 
not do this, but passes either to the right or left of it, the horizon glass 
is out of adjustment, and its adjusting screw must be gently turned 
until the reflected image does pass directly over the object itself. 

3rd Adjustment. — Screw the telescope firmly into the collar, turn the 
eye-piece until two of the wires in the focus of the telescope are parallel to 
the plane of the instrument. Select two stars, not less distant from each 
other than 90°, bring them into exact contact at the wire nearest to the 
plane of the instrument ; fix the index, and move the instrument so as to 
throw the images upon the upi)er wire ; if the contact remains perfect, 
the adjustment is perfect ; if not, it must be rectified by the two opposing 
screws in the double collar, taking care to slacken one before tightening 
the other : the one to slacken is that on the side towards which the 
contact opens. 

Index Error, 

When the index is set at zero (0°) on the arc, the horizon and 
index glasses should be parallel, and the two iifiages of a distant object, 
as a star, should exactly coincide ; when this is not the case, it may be 
remedied by turning a screw in the mounting of the horizon glass. 
If this adjustment is not made, there will be an error in the place of 
the heginning of the graduation; this is called the Index Error: its 
amount is easily determined, and, as it affects all angles alike, it is usual 
to admit the existence of this source of error, and apply correction 
for it, in preference to making the adjustment. 

To find the Index Error by a Star,—^ei the index at zero (0°), screw in 
the telescope, and, with the tangent screw, make the two images of a 
star, as seen through the telescope, coincide; then the reading on the 
arc will be the index error. Subtractive when the reading is to the left 
of zero, additive when to the right. 

By the Sun. — Clamp the index at about SCy to the left of zero, and 
looking through the telescope at the sun, the images will be seen nearly 
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contact; make this contact perfect with the tangent screw, take the 
iding, and call this " on the arc ;" next, set the index, at about 30' to the 
:ht of zero, and make the contact of the two images perfect as before, 
:e the reading, and call it " off the arc f* half the difference of these two 
idings is the Index Error. 



Examples, 



(0 



ft 



0) 



tl 



On the arc 33 lo On the arc 29 30 

Off the arc 29 30 Off the arc 33 10 



2) 3 40 



Index corr. evhtraet =1 50 



2) 3 40 
Index corr. add =1 50 



As a check on this observation, for inexperienced observers, it may be 
>ted that one fourth of the sum of the readings on and off the arc, 
ight to be the sun's serai-diameter, as given in the ' Nautical Almanac.' 




Box Sextant. 
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8. The Box Sextant. 

The box sextant is constructed on the same principle as the larger 
sextant; it is enclosed in a brass box, varying in size from 8 to 4 inches 
in diameter^ and from an inch and a half to two inches deep. The 
instrument, as shown in the drawing, is ready for use : the cover, A, is 
screwed on to the lower part of the instrument, and serves as a handle 
when taking an angle ; B is a graduated arc, divided into d^rees and 
half degrees ; C is the index bar, having a vernier at the end, divided to 
read the angle to 1' ; D is a milled screw by which the index bar is 
moved ; attached to the end of the index bar, on the inside of the box, 
is the index glass, E ; the horizon glass, F, is also inside the box, and has 
the upper half silvered ; G is a small magnifying glass attached to the 
top, to enable the observer to read the angle more clearly; there are 
dark glasses, to be used when observing the sun, not shown in the 
drawing; H is the adjusting screw, which is screwed into the top for 
safety ; it is made with a square, like a watch-key, and when required ' 
for use has to be removed from the position shown in the drawing; I is 
the telescope, which should be fitted with a dark glass, K, at the eye end, 
to be screwed on when the artificial horizon is used ; in taking angles the 
instrument can be used without the telescope, by drawing the slide, L, 
over the hole from which the telescoi)e has been removed. 

Adjustments, 

Having set the index at zero (0°) on the arc, select some object that is 
sharp and peri)endicular, as far distant as possible, to be seen clearly ; 
then, holding the instrument in a horizontal position, look at this object 
through the eye-hole, and, if the reflected image coincides with the object 
seen directly, the adjustment is so far correct. Then hold the instrument 
the contrary way, or vertical, look at some object that is level, and if the 
reflected and real objects are seen in a straight line this adjustment is 
also correct ; but when this is not the case the adjustment must be made 
by taking out the key, H, placing it in one of the keyholes, M, either on 
the top or side of the instrument, and turning it gently until the re- 
flected image of the object coincides with the object seen directly ; if the 
reflected image requires moving up or down, the key must be inserted 
on the top of the instrument, but when it has to be moved to the 
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right' or left the key must be inserted at the side. These adjustments 
can belnade, when no available objects, such as those mentioned, are in 
sight, by screwing the dark glass on the eye end of the telescope and 
looking at the sun (having previously set the index to zero) ; move the 
index until the reflected and direct images coincide ; if the index then 
points to zero (0°) the instrument is in adjustment ; if not, make the 
coincidence with the key as above described ; a bright star may be used 
in preference to the sun, in which case the dark glass on the eye end of 
the telescope will not be required. The adjustment by a terrestrial object 
is here given to meet the case of an instrument having to be adjusted in 
the day-time when the sun is not visible. Care should be taken when 
purchasing a box sextant, to see that the maker has made the box wide 
enough to admit a finger to wipe the glasses, as dull reflectors much 
increase the difficulty of observation. 

9. The Artificial Horizon. 

The artificial horizon is a reflector, the surface of which is perfectly 
horizontal; it is used in combination with the sextant for observing 
altitudes. Though the principle of all is the same, there are several 
forms of this instrument, the most common, as well as the best, being 
a small shallow trough, containing pure, clean, quicksilver,* which 
reflects the image of a celestial body. This is protected from the 
disturbing effects of the air by a roof, the two sloping sides of which 
are made of glass plates carefully ground to true planes: these must 
be carefully examined to see that they are of uniform thickness and 
density. Captain George's Horizon, in which one glass plate floats on 
the surface of the mercury, is in some respects more convenient ; but it is 
liable to large errors arising from any disturbance communicated to the 
mercury, by shaking, by wind, or otherwise, which are more serious 

* If the quicksilver is not pure it gives an imperfect reflection, and its level 
is apt to be untrue. The quicksilver of commerce is generally mixed with lead, 
bisnmth, and zinc, which have to be dissolved out of it by nitric ewid ; it may 
howiever, in case* of emergency, be rendered serviceable by shaking it for some 
coosiderable time in a bottle with a little powdered sugar, or even sand, and 
afterwards straining it through a piece of fine linen or chamois leather, but it is a 
troublesome, and not very satisfactory process. 
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as the disturbance is not shown by any tremor on the surface. Should 
the traveller have the misfortune to break one of his glasses, and repldce 
it by one not tested, he must be careful to reverse the roof between 
two observations, or once in a set. Another form of artificial horizon is 
the black plate. It consists of a plane of black plate-glass set in a metal 
frame, and levelled by a bubble. It is very portable, but it cannot be 
recommended, as its performance can only be satisfactory, when the glass 
has been ground to a very perfect plane, and when it has been most 
accurately levelled. Whatever form of artificial horizon is used, care 
must be taken to keep it clean and free from dust. 

10, Watches. 

The keyless half-chronondeter is the most suitable watch for a traveller 
in wild countries. (The half-chronometer watch is a lever watch, with 
compensation balance, and a carefully tempered pendulum spring.) 

The ordinary pocket chronometer is expensive, and not calculated to 
stand the rough usage to which most travellers' watches are subjected. 
The objections to it are : (1.) The extreme delicacy of the escapement, 
and liability to injury from rust or accident. (2.) Its great liability 
to stoppage from various causes, such as a sudden jerk when riding 
or travelling over a rough country; even if in the act of winding it 
the holder should inadvertently give a circular motion to his hand in a 
direction opposite to that in which the balance-wheel may be moving at 
the same instant, it may stop. (When a chronometer is once stopped it 
will not start again unless a circular motion be given to it.) (3.) The 
impossibility of its repair when injured, except by highly-skilled work- 
men, and when very slightly injured, the consequent great disturbance 
and irregularity in its rate. 

Under favourable circumstances, and in skilled hands, pocket chrono- 
meters have done good service, but this is exceptional. The Tm'Tn'TrmTn 
price of a good pocket chronometer, in a silver case, is 45Z. 

Half-chronometers are not liable to stop from the before-mentioned 
causes, unless from rust of an aggravated kind. They are more easily 
repaired. They may be carried in the pocket under conditions of rough 
usage, short of actual violence, and under those circumstances they may 
not fall far short of a chronometer at rest in the regularity of their rates. 
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During the last twenty years great improvements have been made in 

the manufacture of the le^er escapement compensation balances and the 

pendulum springs, upon which the ability of a watch to keep a steady 

rate in a great measure depends; the keyless mechanism has also been 

perfected, and it is not necessary to open the case of a keyless* watch in 

order to wind it, or to set the hands, thus the works receive increased 

security from dust and damp, the two great enemies of all time-pieces. 

. The following is the description of such a watch as would be best suited 

to a traveller. The watch should be a l(5-size silver case half-chronometer ; 

the bezel (or frame which holds the glass) should have neither hinge nor 

spring, but should fit very closely over the watch-case, and snap tightly 

when pressed home ; great care should be taken to see that the marking 

of the minutes on the dial is correct, so that in whatever part of the hour 

circle the minute hand shall point to a division, the seconds' hand shall 

at the same time point to 0. This perfect coincidence is by no means 

common ; its absence is chiefly due to eccentricity in fixing the dial-plate, 

and the error is often so great as to be a cause of great annoyance to 

the traveller, who will have frequent difficulty in deciding as to which 

minute the seconds belong. The seconds dial-plate should be sunk, and 

the glass should be thick flat crystal. A good watch of this kind cannot 

be purchased for less than 20?. 

The keyless watch has many advantages over the old form, of which 
the following are some. It cannot be wound the wrong way. It cannot 
1)6 over-wound. The case has not to be opened either to wind it or to set 
the hands. With screw caps to cover the push-bar and the winding- 
button, a watch of this kind has been placed in water, and proved im- 
pervious to damp after several hours' immersion. Should the winding 
mechanism get out of order, the watch can be wound with a common key 
in the same manner as an ordinary watch. The cost of a goocl watch of 
this description is S6l. 

Care should be taken to wind a watch at about the same hour every 
day, and as nearly as possible to subject it to the same daily treatment, 
^th regard to its position in the pocket, or the place where it is laid 
down at night. 

In purchasing a watch be sure to go direct to the manufacturers, as 
Buch watches as I have mentioned can only be obtained of the best 
makers. Cheaper watches, purporting to have compeii'sa»t\a^ Xsa^as^'^.^ 
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and the best pendulum springs, may be obtained from many shops ; but 
it will often be found (when too late to replace them) that they are 
not all they profess to be, that they have never been properly adjusted, 
and are iji consequence, so affected by change of position and temperature 
as to be useless for scientific purposes. 

11. Sextant Observations. 

•Before any good results can be expected from sextant observations, 
the observer must be able to read the angles quickly and accurately ; the 
only way to become proficient in doing this, is by practising with the 
instrument, especially at night, when the angles have to be read by the 
light of a lantern. 

To observe the altitude of the sun, using an artificial horizon. — Fill the 
trough of the horizon with quicksilver, and put on the roof. Put down the 
suitable shades before the index and horizon glasses, set the index of the 
sextant to zero (0°) ; then, with tl^e artificial horizon between yourself and 
the sun, retire, looking into the horizon, until you see the sun's reflected 
image in it ; look through the telescope collar, or plain tube, and horizon 
glass of the sextant at the sun itself; unclamp the index, and move it 
forward. This will bring the reflected image down ; follow it with the 
eye until it slightly overlaps that in the horizon ; clamp the index, and 
screw the inverting telescope into the collar (no time should be lost in doing 
this, or the sun's image may pass out of the field) ; then with the tangent 
screw make the contact perfect. It is always better to bring the object 
down into the horizon without the telescope ; by so doing time is saved, 
and the unpractised observer is less likely to be mistaken as to what 
he is observing. The following rule will, however, prevent any such 
mistake : — In the forenoon, or when the sun is rising, if the lower limb is 
observed, the images are continually separating; if the upper limb 
is observed, they are continually overlapping ; and the contrary in the 
afternoon, or when the sun is falling. When the telescope is fitted with 
a dark shade, to screw on to the eye end, it should be used instead of thQ 
movable shades. If a roofed artificial horizon is used, the sides should 
be plainly marked, and it should be reversed at each set of three altitudes, 
except when equal altitudes are observed, to find the error of the watch, in 
which case the observations must be taken with the same side of the roof 
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towards the observer.* In placing the horizon on the ground it should 
have one of the glazed sides of the roof in a direct line with the sun, so 
that its sides cast no shadow. Any object seen in the mercury api)ears 
to be just as much below the horizontal plane as it really is above it ; 
all angles, therefore, observed in an artificial horizon must be halved, 
after the index correction has been applied. 

The foregoing remarks apply equally to stellar observations, the only 
difference being that no dark shades are required. 

Observations for Latitude. 

The simplest observation is that for finding the latitude by meridian 
altitude of the sun, star, or planet. Some twenty minutes before appa- 
rent noon, when the sun is observed, or before the time of meridian 
passage of a star or planet, the observer should begin to take careful 
observations, reading the angles from time to time until the body has 
reached its greatest altitude ; this will be the meridian altitude, and the 
time when it was taken wUl be apparent noon, if the sun has been 
observed. 

When the meridian altitudes of a star above and below the Pole can be 
observed, half the sum of the corrected altitudes gives the latitude at 
once, without any computation. When the Pole Star can be observed, 
the latitude is very easily found by the rule and tables given in the 
' Nautical Almanac ; ' and, as a fairly correct approximation without any 
calculation at all, the corrected altitude of the Pole Star is the latitude, 
if the star is observed when ^ and f, or" still better, when /3 and e, Ursoe 
Minoris appears to the eye to be in the same horizontal line ; a method, 
which, as a rough observation, has the advantage of being independent of 
watch, tables, or ' Nautical Almanac' The method proposed by Chauvenet, 
of finding the latitude by three altitudes of sun or star, taken near the 
Tneridian (and not necessarily on the same side of it), at equal intervals 
of time, may be useful when the error of the watch is not known. 

Let tti, ttg, as» he the three altitudes (it is better that none of them 

* This is by way of precaution against irregularities in the glass plates ; and 
with a roof of known excellence, is hardly necessary. 
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should be more than ^-hour from the meridian) ; A the required meridian 
altitude ; then if 

q = L*.v^i/^/*3>) J q being expressed ia seconds of arc, A = a,, + g. 

The meridian altitude being thus determined, the latitude can be found 
in the usual manner. 

Example. 

ai = 43° 8' 20" a^ = 43° 15' 30" a^ = 43° 4' 0" 

H«i + «3) =43 6 10 

a^-h («! + Og) = 9 20 = 560" 

i(ai'^«8)= 15= 65" 

hence ? = g^= 8", and ag + j = 43° 15' 38". 

As it is at times extremely difficult to determine which is the exact 
meridian altitude, in consequence of the slow increase in altitude of 
heavenly bodies when near the meridian, the latitude of a place will in 
most cases bo more surely determined hy taking sets of altitudes on either, 
or both sides of the meridian, and noting the time corresponding to each 
altitude. These altitudes are taken in the manner previously described, 
and the observations should be commenced at about a quarter of an hour 
before the heavenly body observed comes to the meridian, and may be 
continued until it has passed it by a like space of time. As the sun or 
star will be rising very slowly the observations should be taken with 
deliberation, at about minute intervals. Should the sky become overcast, 
tbe observatioDS on either side of the meridian can easily be reduced to 
the meridian altitude, and this circumstance adds considerably to the 
value of this class of observation. The time must be taken by a watch, 
whose error on apparent time at place is known. It is from this obee^ 
vation that the latitude by north and nouth stars is computed, a procefis 
that gives more exact results than any other method, excepting those 
determined by fixed instruments. 

By north and south stars are meant stars which pass the meridian to 
the north and south of the observer's zenith. The following will illustrate 
the manner in which this observation is taken. Suppose, that on the let 
of December, 1881, we wished to fix the position of the Society's Observa- 
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tory in latitude, by north and south stars. On looking at the heavens we 
should see that y Pegasi and y Cephei were well situated for that purpose, 
and with these stars* right ascensions and the sidereal time at mean noon 
(taken from the * Nautical Almanac '), we should find that y Cephei passed 
the meridian, to the norths at 6h. 51m. 24s., and y Pegasi to the south at 
7h. 23m. 57s., thus leaving an interval of 32m. 33s. between the meridian 
passages. We should commence observing altitudes of y Cephei at 
6h. 35m. and continue to do so until 7h. 5m. ; we should then turn to 
y Pegasi and continue our observations of that star until 7h. 40m. We 
should then compute the latitude by each set of observations and take 
the mean of their results as the true latitude. This observation may be 
taken, at the same place, at considerable intervals between the times of 
the two stars' meridian passage, and indeed days have sometimes been 
allowed to elapse before the second set of altitudes has been taken ; the 
results, nevertheless, being quite satisfactory: when possible, however, 
ft is better that the two observations should be taken consecutively, so 
as to ensure similar conditions of weather and refraction. The latitudes 
obtained from north and south stars are free from all effects of personal 
or instrumental error, and a little practice will show the traveller how 
largely this class of errors enter into all his sextant observations, for he 
will often find that the latitude computed from his north star will differ 
as much as a mile, or more, from that computed from the altitudes of the 
south star. 

Observations for Time, 

By sets of Altitudes. — These observations will give the best results, 
when the heavenly body observed, is nearly east or west of the observer, 
and when the altitude is not too small, as this latter would greatly 
increase the difficulty of observing, and necessitates a larger correction 
for refraction, which is always a somewhat uncertain quantity, depending 
88 it does . on the exact state of the atmosphere. When the heavenly 
Wy observed, is less than three hours from the meridian, good results 
(except in special cases) cannot be obtained. The altitudes are taken in 
precisely the same manner as the meridian altitude, but in this case sets 
of three or five are taken in quick succession ; the hour, minute, and 
second when each altitude was taken is entered in the note book with 
its corresponding altitude. When a set has been taken the tixx^a^ ^jr5^ 
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added together and the sum divided by the mimber of altitudes; the 
altitudes are then added together and the sum divided by their number: 
the result is the mean of the times and the altitude corresponding to 
it. The intervals between the observations should be nearly equal ; in 
which case, if the number of altitudes is odd, the mean will not differ 
much from the middle line and its corresponding altitude. The readings 
of the barometer and thermometer should be noted. 

Equal Altitudes of the Sun, Star, or Planet. — This observation must 
be commenced when the heavenly body observed is three or four hours 
east of the meridian. Having placed the artificial horizon in its proper 
position, bring down the reflected image of the object with the sextant 
until it is in contact with the image in the horizon, then advance 
the index until it points to a whole degree, for example 40°, and looking 
through the telescope at the image reflected by the sextant mirrors, 
wait until it attains this altitude, note the time; advance the index 
20', to 40° 20', and wait until this altitude is reached, note the time; 
again advance the index 20', to 40° 40', and in like manner wait till this 
altitude is attained, note the time. Eepeat this operation as often as con- 
venient, nine such observations will be ample ; keep the index clamped 
at the last altitude taken, and be very carefill not to disturb it. The 
heavenly body observed will, of course, at some time, have the same 
altitude when it is west of the meridian, and this will be the case when 
it is about the same interval, in time, from it. The observer must therefore 
watch until the last altitude taken is again furnished, note the time when 
this takes place, and couple it in his note-book with the time when the 
heavenly body had the same altitude on the other side of the meridian ; 
move the index hack 20' and wait until this altitude is famished, note the 
time, and again couple it with the time when the same altitude was 
before taken, and so on through the set, moving the index hack after each 
sight by the exact amoimt it was moved forward when the object was 
east of the meridian, or rising. When an artificial horizon is used, equal 
altitudes of a star should be taken in preference to those of the sun, for, 
as the images of the star are but small luminous points, there cannot be 
any great error in the observation if they are made to touch, while in the 
case of the sun, exact contacts are by no means so easy to make. The 
computation necessary to find the error of the watch, by equal altitudes 
of a star, is extremely short and simple, and therefore best suited to the 
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ordinary traveller, as the declination of a star may, for the purposes of 

this observation, be considered constant, there is no necessity to compute 

the equation of equal altitudes, which must always be done in the case 

of the solar observation. The number of minutes by which the index is 

to be advanced or put back must depend on the rapidity with which the 

heavenly body is changing its altitude ; it has here been mentioned as 

20' to illustrate the manner in which the observation is taken ; but no 

general rule can be given for this ; it is a matter in which the observer 

must use his own discretion. The same side of the roof of the artificial 

barizon must always be used for both sets of observations. 

Equal Altitudes of a Star on the same side of the Meridian on different 
nights, — Observe the altitude of a star at any time, note the time and 
the altitude. After an interval of some days, for example four days, set 
the index to the altitude noted, and take the time when the star attains 
it; then, as a star comes to the meridian exactly 3m. 55*91s. earlier every 
day, multiply this interval by the number of days elapsed, and subtract 
the product from the time when the first altitude was taken, the result 
will be the time the watch should show ; any difference between this 
result and the time the watch shows is the error for the interval, 
which, divided by the number of days, gives its daily rate ; thus, if a 
watch showed 9h. 50m. 8s., when an observation of a star was taken 
June 20th, and on June 24:th showed 9h. 3im. 10s., when the same star 
had the same altitude, its daily rate would be 3*6s. losing : — 

1st time 9 50 8 

3m. 55B.'9iX4 = 15 43*6 



Time watch should show 9 34 24*4 
2nd time 9 34 10 

Losing in 4 days . . .. 14' 4 . • . daily rate 3 • 6 sees. 

This observation should only be takenwhen the star has a considerable 
altitude, so as to reduce the errors caused by refraction, and can only be 
lued when a halt of some days is made, as any change in latitude would 
he followed by a change of altitude. 
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To measure the Angular Distance "between two Objects, 

When the horizontal angles between terrestrial objects have to be taken 
with the sextant, the index is set to zero (0°), and the instrument must be 
held in the left hand in such a manner that its plane is parallel to an 
imaginary line joining the two objects; put back all the dark shades, and, 
looking through the telescope collar and the horizon glass at the right hand 
object, unclamp the index and move it slowly forward until the reflected 
image in the mirror of the horizon glass coincides with the other object 
seen directly ; clamp the index and make the coincidence perfect with the 
tangent screw, then read the angle. Make it a rule to commence taking 
the angles from the object farthest to the right, then from the next farthest, 
and so on, always working from right to left. By so doing mistakes will 
often be prevented in plotting the work, and you will be able to recc^ise 
the objects from which angles have been measured in your rough sketch. 
Avoid very large or very small angles, as they may cause considerable 
errors in the positions assigned. Should it be required to measure the 
horizontal angle between two objects, one of which is at a considerable 
elevation above the other, as a tree on a plain and a mark on the top of a 
hill, it will be necessary to select some object immediately below the mark 
on the hill, and as nearly as possible on the same level as the tree, and 
measure the angle subtended by them. If no object in a suitable position 
can be seen, eelect some point about 90° or 100° from one of the objects and 
observe the angles between each object and that point; the difference 
between these two angles will be the horizontal angle, nearly. Should 
the angle be too large to be taken in one measurement, the object to the 
right must be brought by reflection to some well-defined mark, and the 
reading taken, the angle must then be measured between the mark and. 
the other object, the sum of these readings will be the angle required. 
Though the angles measured with the sextant are seldom, strictly speaking, 
the true horizontal angles, yet the errors arising from their obliquity ar& 
extremely small, if they have been well chosen, and indeed would bd 
scarcely discernible, in work plotted with the ordinary protractor, which. 
is only divided to 30'. A reference to the following diagrams will, it i» 
hoped, make the previous remarks on this subject more clearly understood. 

In Fig. 1 let A B be two objects, the place of the observer, then the 
objects would appear in the horizon glass as shown in Fig. 2, when, tho 
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angle was taken ; A being seen in the mirror, B by direct vision thioogh 
the unsilvered part. If the angle A B had to be taken by two measure- 
ments, A C would have to be taken first, and then the angle B ; the 
sum of these two angles, which is the angle A B, is the horizontal angle 
between A and B', very nearly, because B is directly beneath B', and is 
more nearly in the same horizontal plane as A. When a box sextant is 
used the reflected image is seen above the object by direct vision. In 
Fig. 8, if the horizontal angle between A and B had to be measured, 
select a point such as C, more than 90^ from A, and at 0, the place of tiie 
observer, take the angles A C and BOO, the difference of these two 
angles will be more nearly the horizontal angle between A B at 0, than 
the angle A B. 

Table fob AsoEBTAiNiNa Heights and Distances bt the Box-Sextant. 





Mul. 


Angle. 


Angle. 


Div. 






I 


O 1 

45 00 


1 
45 00 








2 


tj 26 


26 34 








3 


71 i4 


18 26 








4 


75 58 


14 02 








5 


78 41 


II 19 








6 


8o J2 


9 28 


6 






8 


82 52 


7 08 


8 






lO 


84 17 


5 43 


10 





The sextant being set to any angle contained in the Table, any height 
or distance of accessible or inaccessible objects may be obtained in a very 
simple and expeditious manner. Make a mark on the object, if accessible, 
to the height of the eye ; set the index to any angle from the Table, and 
advance or go backwards from the object imtil, by reflection, the top of 
the object is brought by the mirrors to coincide with the mark first mada 
If the angle be greater than 45°, multiply the distance to the object by 
the number in the next column to the angle in the Table ; if the angle be 
less than 46°, divide, and the result will be the height of the object from 
the mark ; to which add the height of the eye. 

If the object is inaccessible, set the index to the greatest angle in the 
table, that the least distance from the object will admit of; move back- 



SEXTANT OBSERVATIONS. 51 

wards and forwards until the top of the object is reflected level with the 
eye; at this place set up a staff equal to the height of the eye. Then set 
the index to any of the lesser angles ; go back in a line with the object, 
until the top is made to appear on the level with the top of the mark 
before made ; fix here another mark ; measure the distance between the 
two marks set up ; divide this by tiie difference of the numbers corre- 
sponding to the angles made use of, and the quotient will be the height of 
the object from the mark ; to which add the height of the eye. 

If the index is set at 45^ the distance is equal to the height, minus the 
height of the eye. 

At a given point to mark off a line perpendicular to any given direc- 
tion. If this direction is not sufficiently distinguished by some natural 
object, such as a tree, or a white stone, mark it by a flag set up as far 
off as convenient; then, standing at the given point, with the sextant set 
to 90^, make a man, bearing a flag, stand in a line estimated as the per- 
pendicular. Motion him right or left until his flag can be seen, by 
reflection, to coincide with the other. There let him plant his flag, so 
marking the direction of the perpendicxQar. 

Of course any other direction can be marked in the same way, setting 
off the required angle on the sextant, instead of the 90^. 

Between the Moon and Sun. — ^As the enlightened limb of the moon is 
always nearest to the sun, the angular distance measured is always that 
of the near limbs; but since, on account of her comparatively feeble 
light, it is necessary to observe the moon by direct vision, and since 
the sun at the time of observation may be either to the east or west of the 
moon, the sextant has to be held with its face up or down as the case may 
require. In north latitude, when the sun is to the west of the moon, the 
instrument is held with its face upwards ; but when the sun is to the 
east of the moon, it must be held with its face downwards. In south 
latitude the opposite of thijs rule must be followed. This is often much 
easier if the observer can hold the sextant in his left hand ; the position 
of the hand and wrist may otherwise be cramped and almost painful. 
Before taking an observation, look at the sun through the dark shades, 
and select those which reduce its brightness in the greatest degree com- 
patible with good definition ; put these down before the index glass ; see 
that the inverting telescope is adjusted to focus; set the index to 
zero (0?): and hold the instrument with its plane parallel to a line 
joining the sun and moon ; look at the mooii tSttio^v^ \Jaft \i^<sssiS5^ ^aS^^sat 



tk • • 



H. »ft 



« r 



•• • 



HINTS TO TRAVELLERS. 

-' i-<, ;ir.«l !:i'»vo tlu' iinlox slowly forward until the sun's 

_ : * .x- ^ i r-'i^h ooiitiU't with the moon, seen hy direct 

• :• -:!v. r» .1 i-art t^f the horizon glass; clamp the iudex, 

• * -•■•:•. .IT. I iiiik- tlif contact jx^rfect in the centre of the 

• .• » -r ^,'r- v. III. .vim: the sextant slowly round the axis of 
. * ;. v»' •■ •...ri!.'; tiio retlt<*t<il image of the sim will apiHjar 

• . ••. i t' • •.'ir-i.^y (^f tho contact can be tested. 

■ ^- • •/*'/.' '.--The angular distance between 

.• • V i •' r •• !i. i< always measured to the mooL's 

' ■ ' •< :'••:: :•>• larthost from the star or planet. 

>. . :' :r. • •:: n'.ii<t Iv hroxi^ht by reflection past the 

• ' •' - '' r.r.iot can l«o made; in other resjxjcts the 
- •* -. ';• ^ • .:!ir t»^ t::at already descril)ed, when the 



..i.\' 



N N 

* \ 

N 



••-i. t-".o r*:m-'>st attention must be paid to 
:*:v :ir:iMo oiroimistances, lo" error in tk' 

- •:: t. rr. r r.f r. of longitude; and a faulty 
-: .^ :-.:ao:s or trio moon s limb with a star is 

- > V. TV Lvr.onilly supix)sed, and frequently 
>: .i::.! wc>: ef the moon. For example, if 



'^ ^ :.. 5 ^ S" 

* 

" •-■•.■ •.'.•.• i : ••■.:a.^:, t.-^ ilaoe the star within the 

> -.' > : '. -V.:. : > S i« :>• sr.::ill, and the distance 

.'-■•• -•.:': :.:•:: :;• 'ic nijvir.:: in the direction 

> ."./ ". - V •• ■ «.vv :•■ tAr'.y a Grt-onwich time, for 

• .. • :v ■ : > -::.:V was a>?:'aally at S". WTien, 

: . V^.r-. . ; :..>: ;.•. .1 v^t:?: c: the moon, errors 

- * ."•.'.* U* cMiniiiAtc-.l. since, as the 

- ■.-•.;> : "::.:•; ::wAris :i:v sun. such errors 

'. : : ■.::: :rr:r? :: an cTpjksite descrip- 

.*. > «\ •"..svrv.i:::r. is of litr'.e value: 
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distances should always be observed in sets. The more nearly the 
two bodies approach the same horizontal plane, the easier will be the 
obseryation to take, and distances between 45^ and 90° will be least liable 
to errors in observation. 

Observations for finding the Longittujle, 

No method is more generally serviceable than luna/rs. They should be 
. made in pairs, with stars b. and w. of moon, and nearly equidistant from 
it Also the thermometer and the barometer (or its equivalent, a boiling- 
point thermometer) should be noted, and the refraction corrected accord- 
ingly : because, if thermometric and barometric corrections be omitted, in 
observations made on a high and heated plateau, there may be serious 
enrors in the results. 

A complete pair of lunars, made wholly by one person, consists of the 
. following observations, in additi<m to those for latitude. It may, how- 
ever, sometimes happen that the altitudes of one or both the heavenly 
bodies cannot be observed, in which case they may be computed ; but in 
order to do this, the error of the watch on local mean time must be 
accurately known; as this, however, greatly increases the amount of 
computation, the altitudes, should, if possible, always be observed. 

An hour before beginning to observe, get everything in perfect order ; 
fiee that the lamp is well trimmed, its air-holes free, and that it is filled 
with oil. Also rehearse the expected observations, that no hitch may 
occur after they have commenced. Then let the hand and eye have 
ample time to repose, and go on as follows : — 

1. Bead thermometer in air. 

2. Adjust horizon-glass, if necessary. 

8. Two pairs of observations for index error. 
4. Three altitudes for time, star b. 
6. Three altitudes for time, star w. 
6. Three altitudes of moon. '' 

, 7. Five lunar distances, star b. of moon. 
\ 8. Five lunar distances, star w. of moon. 

9. Three altitudes of moon. 
10. Three altitudes for time, star w. 

V 11. Three altitudes for time, star b. 
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12. Two pairs of observations for index error. 

13. Bead thermometer in air. 

14. Bead barometer (or its equivalent, a boiling-point fhermometer). 

The series A may be repeated over and over again, so long as the eye 
and hand can be surely depended on. 

Absolute longitude may also be determined from altitudes of the 
moon, occultations of fixed stars, and by the eclipses of Jupiter's satel- 
lites. The particulars of these observations are given with the examples. 

General Bemarks on Observing, — Endeavour with much forethought to 
balance your observations. Whenever you have to take a star's altitude 
for time east, select and wait, if you are able to do so, for anotlier star as 
nearly as may be of the same altitude west, and use the same telescope, 
horizon roof, &c. If a meridian altitude be taken north, choose another 
star of similar altitude, and take it south ; so also with lunars. In this 
way your observations will be in pairs, and the mean of each pair will 
tend to be independent of all constant instrumental and refraction errors; 
and by comparing the means of these pairs, one with another, you will 
know your skill as an observer, and estimate with great certainty the 
accuracy that your results have reached. Never rest satisfied with your 
observations, unless you feel sure that you have gained means of asce^ 
taining the limit beyond which you certainly are not wrong. When 
you write down your observations, mark them "good," "very good," 
" doubtful," &c., by their sides. 

12. FoEMS OP Computation. 

The following are examples of the readiest methods of computing 
such observations as a traveller may take with a sextant, artificial 
horizon, and a good watch. The figures in brackets, as (40), refer to 
the number of the table in " Raper " from which the quantity is taken. 
It will be of great assistance to the traveller if (before leaving Eng- 
land) he copies the forms of the computations given (omitting the figures), 
and reproduces blank forms by any one of the many copying processes 
now in common use ; it is in part with this intention, that the notes 
on the examples are given, as they will serve to remind him of the 
manner in which the corrections are to be applied. 
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Latitude hy iieridia/n Altitude, 

July 12th, 1882.— At a place in longitude by account 70° 00' W., the 
meridian altitude of the Q. was observed in qxiicksilver, to find the 
latitude. Ther. 88^ Bar. 29*6 inches. Index error — 2'. Observer south 
of the 0. 



Time of App. noon o o o 

r. in Time 



W.Long. 

G. App. Time, July I2th 



DecUnaUon (P. L NA.) 
Oorrection , 



+4 40 



4 40 



Bednoed DecUnatlon 



. • . • 



O I M 

21 57 56*8 N. 

- I J7'8 

21 56 19 N. 



Var. in x bour (NA.) 20 

HoiiTsaadmln.ofG. A. T 



xn 



12594 
12594 
8396 

60)97*8134 



CJorr. 



Alt Q_ in Quicksilver 
Index error .. .. 



Observed Altitude .. 
BefiraotioiH— 
Tber. 88°, Bar. 29*6 






Semidiameter 



O I II 

..114 49 28 

— 2 00 

2)114 47 28 

57 23 44 

— 00 41 

57 2i J 

+ 15 46 



Parallax 



57 38 49 

+ 7 

57 J8 56 

90 00 00 



Zenith Distance j2 21 4 S. 

Declination 21 56 19 N. 



= I J7'8 Latitude 10 24 45 S. 



July 10th, 1882.— At a place in longitude by account 70° 00 W., the 
meridian altitude of a Aquarii was observed in quicksilver to find the 
latitude. Ther. 34°. Bar. 30 inches. Index error + 3' 10". Observer 
south of the star. 

o I a 

Alt. of ^ in Quicksilver 90 59 42 

Lidex error + J 10 

2)91 2 52 

45 ji 26 
Befiraction— Ther. 34°, Bar. JO — 00 55*2 

True Alt 45 Jo 30*8 

90 CO 00 

Zenith Distance 44 29 29*28. 

Declination o Si 13 '4 S. 

Latitude 45 22 42*68. 
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and horizon glass, and move the index slowly forward until the sun's 
reflected image makes a rough contact with the moon, seen by direct 
vision through the iinsilyered part of the horizon glass ; clamp the index, 
screw in the telescope, and make the contact perfect in the centre of the 
field with the tangent screw, moving the sextant slowly round the axis of 
the telescope, by which means the reflected image of the sun will appear 
to pass the moon, and the accuracy of the contact can be tested. 

Between the Moon and Star or Planet — The angular distance between 
a star or planet and the moon, is always measured to the moon's 
enlightened limb, which is often the farthest from the star or planet. 
When this is the case, the moon must be brought by reflection past the 
star or planet before the contact can be made; in other respects the 
observation is precisely similar to that already described, when the 
angular distance of the sun is taken. 

In observations of this class, the utmost attention must be paid to 
accuracy, as, under the most favourable circumstances, 15" error in the 
observed distance would cause an error of 6' of longitude; and a faulty 
habit of observation in making contacts of the moon's limb with a star is 
not necessarily eliminated, as is very generally supposed, and frequently 
stated, by taking distances east and west of the moon. For example^ if 



• * S'" I * S' * 8" 

M 

it is an observer's habit, in making a contact, to place the star within the 
moon's disc, M, as at S', the distance S'' S' is too ^mall, and the distance 
S'" S' too great ; but supposing the moon to be moving in the direction 
from S' to S'", each distance will give too early a Greenwich time, for 
each will give the time when the moon's limb was actually at S'. When, 
however, the sun is the object observed east and west of thq moon, errors 
of this sort in observation, if constant, will be eliminated, since, as the 
moon's enlightened limb is always turned towards the sun, such errors 
would increase both distances and produce errors of an opposite descrip- 
tion in the Greenwich time.* A single observation is of little value; 

* For further information on this subject, read the article on Lunar Distances 
/a "^^aup&ne^s j^pJiencal Astronomy " 
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distances should always be observed in sets. The more nearly the 
two bodies approach the same horizontal plane, the easier will be the 
obseryation to take, and distances between 46° and 90° will be least liable 
to errors in observation. 

Observations for finding the Longitude. 

No method is more generally serviceable than luncurs. They should be 
made in pairs, with stars b. and w. of moon, and nearly equidistant from 
it Also the thermometer and tbe barometer (or its equivalent, a boiling- 
point th^mometer) should be noted, and the refraction corrected accord- 
ingly : because, if thermometric and barometric corrections be omitted, in 
observations made on a high and heated plateau, there may be serious 
errors in the results. 

A complete pair of lunars, made wholly by one person, consists of the 
following observations, in addition to those for latitude. It may, how- 
ever, sometimes happen that the altitudes of one or both the heavenly 
bodies cannot be observed, in which case they may be computed ; but in 
order to do this, the error of the watch on local mean time must be 
accurately known; as this, however, greatly increases the amount of 
computation, the altitudes, should, if possible, always be observed. 

An hour before beginning to observe, get everything in perfect order ; 
see that the lamp is well trimmed, its air-holes free, and that it is filled 
with oil. Also rehearse the expected observations, that no hitch may 
occur after they have commenced. Then let the hand and eye have 
ample time to repose, and go on as follows : — 

1. Bead thermometer in air. 

2. Adjust horizon-glass, if necessary. 

8. Two pairs of observations for index error. 
4. Three altitudes for time, star e. 
6. Three altitudes for time, star w. 
6. Three altitudes of moon. ' 

I 7. Five lunar distances, star b. of moon. 
^ 8. Five lunar distances, star w. of moon. 

9. Three altitudes of moon. 
10. Three altitudes for time, star w. 

k 11. Three altitudes for time, star b. 
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12. Two pairs of observations for index error. 

13. Bead thermometer in air. 

14. Bead barometer (or its equivalent^ a boiling-point thermometer). 

The series A may be repeated oyer and over again, so long as the eye 
and hand can be surely depended on. 

Absolute longitude may also be determined from altitudes of the 
moon, occultations of fixed stars, and by the eclipses of Jupiter's satel- 
lites. The particulars of these observations are given with the examples. 

General Bemarks on Observing. — Endeavour with much forethought to 
balance your observations. Whenever you have to take a star's altitude 
for time east, select and wait, if you are able to do so, for anotlier star as 
nearly as may be of the same altitude west, and use the same telescope, 
horizon roof, &c. If a meridian altitude be taken north, choose another 
star of similar altitude, and take it south ; so also with lunars. In this 
way your observations will be in pairs, and the mean of each pair will 
tend to be independent of all constant instrumental and refraction errors; 
and by comparing the means of these pairs, one with another, you will 
know your skill as an observer, and estimate with great certainty the 
accuracy that your restdts have reached. Never rest satisfied with your 
observations, unless you feel sure that you have gained means of ascer- 
taining the limit beyond which you certainly are not wrong. When 
you write down your observations, mark them "good," "very good/' 
" doubtful," &c., by their sides. 

12. FoEMS OP Computation. 

The following are examples of the readiest methods of computing 
such observations as a traveller may take with a sextant, artificial 
horizon, and a good watch. The figures in brackets, as (40), refer to 
the number of the table in " Baper " from which the quantity is taken. 
It will be of great assistance to the traveller if (before leaving Eng- 
land) he copies the forms of the computations given ^omitting the figures), 
and reproduces blank forms by any one of the many copying processes 
now in common use ; it is in part with this intention, that the notes 
on the examples are given, as they will serve to remind him of the 
jQanneT in which the corrections are to be applied. 
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Latitude hy Jlieridian Altitude. 

July 12th, 1882.— At a place in longitude by account 70° 00' W., the 
meridian altitude of the Q. was observed in qxiicksilver, to find the 
latitude. Ther. 88°. Bar. 29*6 inches. Index error — 2'. Observer south 
of the 0. 



Time of App. noon o o o 

W. Long, in Time +4 40 o 



G. App. Time, July 12th 



DecUnatioii (P. L NA.) 
Correction 



4 40 



Bedooed Declination 



O I w 

21 57 56*8 N. 

- I 37'8 

21 56 19 N. 



Yar. In i bonr (NA.) 20* 

HooTBaxidmln. ofG. A. T 



%n 



12594 
12594 
8396 

60) 97 -8154 



Oorr. 



Alt. Q_ in Quicksilver 
Index error .. .. 



O f M 

..114 49 28 

— 2 00 

2)114 47 28 



Observed Altitade 
BefraetioiH— 
Ther. 88°, Bar. 29*6 



. • . • 



= 57 23 44 



57 2J i 
Semidiameter + 15 46 



Parallax 



57 38 

+ 



49 

7 



57 38 56 
90 00 00 



Zenith Distance j2 21 4 S. 

Declination 21 56 19 N. 



= I J7*8 Latitude 10 24 45 S. 



July 10th, 1882.— At a place in longitude by account 70° 00 W., the 
meridian altitude of a Aquarii was observed in quicksilver to find the 
latitude. Ther. 84°. Bar. 30 inches. Index error + 3' 10". Observer 
south of the star. 

O I II 

Alt. of ^ in Quicksilver 90 59 42 

Lidex error + 3 10 

2)91 2 52 

45 31 26 
Eefiraction— Ther. J40, Bar. 30 — 00 55*2 

True Alt 45 ;o jo*8 

90 00 00 

Zenith Distance 44 29 29*28. 

Declination o 5; Ti'4 S. 

Latitude 45 22 42*68. 
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64 To find the Error of a Watch hy Eqital Altitudes of a Fixed 8ta/r, 

1. Take the mean between the times shown by the chronometer when the 
star has Equal Altitudes east and west of the meridian^ and the time thus 
found will be the time hy chronometer when the star passes the meridian. 

2. Take the star's Eight Ascension from the ' Nautieal Almanac,' for 
the day nearest to the given date. 

3. Take the 'Sidereal Time from page ii. ' Nautical Almanac/ of the 
month for the given day. 

4. Subtract the Sidereal Time from the star's Eight Ascension, increasing 
the latter by 24 hours if necessary ^ and the remainder is the Mean Time 
(nearly) of the star's transit at the given meridian. 

6. Write the day of the month before the hours, &c., and add the 
Longitude in Time, if West, or subtract, if East, and th« sum or remainder 
is the Greenwich Date of the meridian passage of the star (nearly). 
Then, To find the time of Meridian Passage more accurately : — 

6. Take the Sidereal Time again as directed in 3, and accelerate it for 
the Greenwich Date (found as directed by 6), and the resiilt will be the 
corrected mean sun's Eight Ascension. 

* 7. The difference between the time by chronometer when the star 
passes the meridian (as found by rule 1) and the corrected mean son's 
Eight Ascension (as found by rule 6) will be the error of the chronometer. 

Example,— On August 10th, 1879, in Lat. 51* 22' n.. Long. 00° 10' w., 
Equal Altitudes of the star a Cygni were taken, when the watch 
showed as undermentioned; required the error for Mean Time at the 
place of observation when the star passed the meridian : — 

Watch Times of ikiual Altitudes. To' Find Time of Star's Transit 

H. H. s. Month. Day. h. u. s. 

a Cy^ni E. of Meridian 8 45 10 Star's R. A. August loth 20 37 21*98 

„ W. „ ij 20 15 Sidereal Time, p. il, N. A. „ „ 9 14 22*59 

2)22 5 25 Time of Star's Transit at Place (nearly) 11 22 59* J9 

Longitude in Time icy W = • +40 

Time by Watch, of Star's 7 „ . ^,_ 

Transit 3 * ^^ > Greenwich Date of Star's Transit (nearly) 11 23 i9*l9 

Mean Sun's R. A. To Find Ewor of Watch, 

Month. Day. h. h. s. Month. Day. h. u. s. 

Sidereal Time, p. ii. N. A., August loth 9 14 22*59 Star's R. A. ..August loth 20 }^ 21*98 

Acceleration ( 11 h + i 48*42 Corrected Mean > ^ ,«• ,^.« 

forG.D.of ^23m + j'-jB O's R. A. S ** ** ^ ^^^ 

transit (23) ( 39 sec + o*ii 

Corrected Date of Star's Tran-»,_ .. _._« 

Mean O's R. A. corrected .. 9 16 14*90 alt at Place ..j^^ ^' " 



H. X. s. 
Therefinre Watch should afaow xi 21 7'o8 
But it shows xj 2 42*5 



Error of "WaUih Jot "Nlean.TVmft «X. pUwe^ — «» v%. -iir*!^^ 
when Star paaaedlilertdiaii .... ^ ~ ^^ - 
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Finding the error of the Compass hy the ©*« Azimuth, 

881, August 12th, P.M. at place, the following obeeryations were taken 
ind the error of the Compass : — 

O ^ or 

Latitude 64 5 N. BeariiigofC{) K. 71 6 W. 

180 00 

Timet ly WcUch, JU. O Art, ffarsn, 

H. M. fl. <r^ t ft g. ,08 54 W. 

5 19 56 5a 27 00 ' 

5 21 54 52 J 00 

5 23 XI 51 41 20 

J)i6 5 X J) 156 XI 20 

= 5 21 40 Mean.. .. = 52 I 46 

Watch -f 4 ij Index Error .. + 2 

,Anga8ti2 5 25 5J 2)52 5 46 

— — • When the 

o ' " Obed. Alt. .. 26 2 53 true Azimuth 

ination, August X2 . . 14 52 8 N. Befiraction • . -> x 59 la to the l^t 

Hourly Dift. — 4 4 ■ of themagnetic 

26 o 54 the variauon ia 

Declination ^4 4^ 4 ^- Semidiameter . . -f> 15 49 W. ; when the 

90 00 00 true Azimuth 

26 16 4J la to the right 

itance =: 75 n 56 Parallax .... -f 8 of themagnetic 

— ^-^— . the variation is 

True Alt... = 26 16 51 East 



If 



.. = 26 x6 5x Secaht 0*047385 

.. = 64 5 00 Secant 0*359456 

.. = 75 IX 56 

2 )165 3} 47 

.. = 82 46 53*5 Coaine 9*099181 

P.D. = 7 34 57*5 Cosine 9*996186 




9*502208 = Log. Sin. Square = S. 68 38 W. 0's True Azimuth. 
— S. 108 54 W. 0*8 Bearing. 

Error of (Tompaas s 40 16 W.* 



66 HINTS TO TBAVELLEBS. 

To find the True Bearing of apeak or any other object hy means o/Ub 

observed angular distance from the stm. 

Observe the stui's altitude^ then the angles between the object and the 
nearer and farther limbs^ and lastly the sun's altitude again; noting the 
times of each contact. If the object has any altitude observe it^ and note 
whether it is east or west of the sun. Half the sum of the times of tha 
observed distances is the mean time of the observation^ and half the sum 
of the distances observed is the apparent distance; but if the farther 
limb, only, be observed, the apparent distance is found by subtracting the 
sun's semi-diameter ; or if the nearer limb, by adding. From the observed 
altitudes of the sun, the altitude at the time of the observed distance is 
found by simple Eule of Three. 

With time at place find Greenwich date, either by the error and rate of 
the watch, or with the Longitude in time. 

Take the declination from the ' Nautical Almanac ' (if App, time is 
use.d. Page I. ; if Mean time. Page 11.) ; correct this for the Greenwich 
date. From the observed altitude, find the True Alt, 

{True Altitude, 
Latitude, 
Folar Distance ; 

divide their sum by 2 for the half sum, and take the difference between 
the Polar Distance and the half sum, which call remainder. 

I Log secant of the Alt., \ 

Log secant of the Latitude, I rejecting 30 from 
Log cosine of i sum, [ the index. 

Log cosine of remainder, } 

Take out the Log sine square of the sum of these four Logs (table 69 
Raper), or divide the sum by 2, and it will give the Log sine of half the 
True Azimuth, which multiply by 2 ; in either case tiie result will be 
the sun's true bearing. If the observed object has an altitude 

r Log sine of objecfs alt,, \ 
Add together < Log sine of ©*s app, alt, > dropping 20. ' 

\ Log cosec of app. distance, j 

and take out the sum as a Log sine : the result is the corrected distance. 
Jf the observed object has no altitude, or if its altitude is very small. 
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this step is neglected^ and the apparent distance is used as the corrected 
distance. 

Find the Apparent Alt. from the Tme Alt. already found, from the 
observed angular distance find the Apparent Distance, and from the 
Cos of the dist. from G's centre, subtract the Cos of the Apparent Alti- 
tude, the remainder will be the Cosine of difference of bearings. If 
the stm be East of the meridian, and the object more East, or the sun be 
West^ and the object more West, add tjie difference of bearing thus found, 
to the o's true bearing. In any other case, take the difference between 
the sun's true bearing, and the difference of bearings, and the result is 
the true bearing of the object. 

Eocample, 

Cos (difference of bearings) = Cos (apparent distance) 

Cos (apparent alt. of ■©-) 

Observation: July 15th, 1881, p.m. at Place, Angles and Altitudes 
taken with a sextant. Lat. 51° 24' N. Long. 9' 39" W. 



Time. 

H« M. S« 

J ij i8 



O Alt. In Quicksilver. 

■^ O I It 



87 45 oo 



Obed. Angular distance of an 
object. ° 

East of the Sun 



Y«r. Month. Day. 
. iMi, July 15 .. 
i EnwofWatcb.. .. 
Month. Day. 

'^•M.T. July 15 



i U i8 
- ij 

3 iJ 5 



Month. Day. 
Declination July i5th(Pageii.N. A.) ii 
Correction by Hourly Difif. for G. M. 1 . - 



It 



109 


12 10 


t 

11 l8 
— I 


52 N. 
»7 


21 27 
90 00 


35 

00 



Obsd. Alt. in Quiclcsilver Q 87 45 00 
Index liJrror — 2 10 



Obsd. Alt. 
Refraction 



Semidiam. 



2)87 42 50 

= 4} 51 25 
..— 10 



Polar Dist. . . 



O's True Altitude 44 

Lititude 51 

Polar Distance . . 68 



= 68 32 25 



6 



It 



17 



24 00 
32 25 



4? 50 25 
+ 15 46 



2)164 2 42 



44 6 IF 
Parallax + 6 



^Sum .. .. ^82 I 21 
iSum rvrP. Dist... i; 28 56 



Sec 
Sec. 



C!o8. 
Cos. 



True Alt 44 6 17 

O I 



O 's True Bearing= T^og. Sin. Square (69) 
= S. 66° i4' 45" W 



0-141834 
0*204899 



9*i42J4i 
9 •98786? 



} 9*478937 



II 



0HAlt.j21 4? 51 25 

wmidiam •+ 15 46 



^Ppuent Alt 



44 



II 



If ihe '^ be Kast of the meridian and the object 
more East, or the © West and the object more Wf st, 
add the difference of the Ijearings to the O's True 
bearing. In any other case take the difference, and 
the result is True bearing of object. 



68 HINTS TO TRAVELLERS. 

Observed angular distance of object from the near limb t 

of the sun, corrected for Index error j ^ 

O's Semidiam + 15 46 

Distance from 0*8 centre .. 109 25 46 Cos. 

0's Apparent Altitude 44 7 11 Cos. 

o ' 

Diffwence of Bearings 62 24 = Cos. 



DiSerence of Bearings* .. .. .. = 62 24 True Bearing of Q S. 

(* If the obsd. angular distance is greater '^° °° Object East of 

than 90P, subtract this Difference of ,,_ ,< tm,- ua-^^^ ^v* riw/.^* a 

Bearings iromiSoo.) "? ^^ True Bearing of Object S. ^ 

Clearing the Lunar Distance hy Baper's Rigorous Method. 

As this is one of the shortest^ and at the same time a strictly ac( 
method of clearing the Lunar Distance, it is here given for the ben 
those travellers who may not have Raper's work in their possession. 

Having found the Greenwich date with the assumed longitude in 
and the mean time at place by a watch, the error of which on loca 
has been found by previous observation, reduce thereto tlje moon's 
zontal parallax and semidiameter, and if the sun be one of the o 
observed, take its semidiameter frpm the ' Nautical Almanac.' Fro 
observed altitudes get the apparent and true altitudes ; from the obg 
distance get the apparent distance. Add to, or subtract from the 
rent altitudes as many seconds as are necessary to bring them to c 
even minutes, then add them together and subtract their sum from 
and the remainder will be the sum of the Apparent Zenith Distance 

Increase or diminish the True Altitudes by the same number of s€ 
as were added to or subtracted from their respective Apparent Altii 
add them together and subtract their sum from 180°, and the rems 
will be the sum of the True Zenith Distances. 

Add together the Log-secants of the Apparent Altitudes and the 
cosines of the True Altitudes ; the sum, rejecting tens in the inde^ 
be the Logarithmic Difference. 

Licrease or diminish the Apparent Distance by any quantity of se 

necessary to bring it to an odd or even minute (noting the num 

seconds) ; to this add the sum of the Apparent Zenith Distances ; tak( 

the Sum, and from this Half Sum subtract the Apparent Distance- 

t/u's Remainder, 
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To the Log sines of the Half Sum and Bemainder add the Logarithmic 
Difference^ and the sum, rejecting tens in the index, will be the Log sine 
square of the auxiliary arc x. 

Note, — ^This arc may also be found without any special table of log 
sines square in the following manner : — ^When the sum of these three logs 
has for an index a number above 20, reject 10 from such index, and then 
divide the sum by 2 ; this will give i the log sine of the arc, which 
multiplied by 2 will give auxiliary arc x ; this, of course, applies to all cases 
where a log sine square is mentioned. 

Under x put the sum of the True Zenith Distances, take their sum and 

difference and their Half Sum and Half Difference, add together the log 

sines of the Half Sum and Half Difference, and their sum is the log sine 

square of an arc, to apply the same number of seconds by which the 

Apparent Distance was increased or diminished to bring it to an odd or 

even minute, subtracting them if the Apparent Distance was increased, 

but adding them if diminished, and the result will be the true distance 

nearly. Take the difference between the proportional logs in the ' Nautical 

Almanac' against the two distances between which the computed true 

distance falls. With this difference and the portion of time just found, 

enter the table of Corrections for second differences Q Nautical Almanac ' 

or 67 Baper), and take out the seconds. When the proportional logs 

in the 'Nautical Almanac' are increasing, subtract these seconds from the 

True Disi, nearly; when they are decreasing add them; the result will be 

the M.T. at Greenwich. 
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To dear the Lunar Distance hy Natural Cosines. 

Take the sum and difference of the apparent altitudes ; also the smr 
and difference of the true altitudes. When the sum of the altitudes is lesi 
than 90°, add together the natural cosines (Table XVI.) of the sum and 
difference of the apparent altitudes ; also the natural cosines of the sun 
and difference of the true altitudes. 

When the distance is less than 90°, add together the Nat. (Cosine of the 
sum of the App. Alts, and the Nat. Cosine of the App. Dist. When the 
Dist. is greater than 90° take their difference, multiply this result by the 
sum of the Nat. Cosines of the true alts., and divide the product bj 
the sum of the Nat. Cosines of the App. Alts. : the result will bo a quan- 
tity which call x ; the difference between x and the Nat. Cosine of th« 
sum of the true alts, will be the l^at. Cosine of the true distance when i 
is less than 90°, but when greater than 90°, deduct it from 180°, and th 
result will be the true distance. 

When the sv/m, of the Altitudes is greater than 90°, instead of the sums c 
the natural cosines, of the sums and differences of the true and app. alta 
take their differences ; x is found as before, and is to be added to the na. 
cosine of the sum of the true alts., and the result will be the nat. cosir: 
^f the true dist. 

o I n Of 

Mars App. Alt 40 11 00 Mars Trne Alt. 40 10 « 

l)'8App. Alt J9 31 00 ^'sTrueAlt. 40 12 

Sum= 79 42 00 Siim=: 80 22 

Difference = 00 40 00 Differences 2 

Somof App. Alts. .. •• .. 79 42 00 Nat. Ck>sine= '178802 

Diff. of App. Alts 00 40 CO Nat.Ck>8ine= '999932 

(ist Term) = i • 178734 

Sum of True Alts 80 22 29 Nat. Cosine = * 167204 . 

Diff. of True Alts. .. .» .. co 2 21 Nat. Cosine = '999999 

(2nd Term) = 1 '167203 

Sum of App. Alts. Nat. Cosine = ' 1 78802 . 

App. Dist. .. 53® 16' 58" Nat. Cosine = -597865 

(3rd Term) = • 776667 

I'i78734 : i'i67203 :; '776667 : '769069 = « 

Sum True Alts. Nat. Oodne := '167204 

» = '769069 

'601865 

O f w 

TroftT^VetoXkiOft >* S^ V^ «() 
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Clearing the Lunar Distance Graphically, 

The trae distance can also be fonnd approximately with the compasses^ 
and the scale of chords^ by the following rnle. The letters referred to are 
those shown in ,the example (p. 74)^ where the same distance, &c., as 
giYen in the two previous examples are used in the projection. 

With the compasses take 60° from the scale of chords, and describe the 
semicircle DBG, and on the diameter C D erect the perpendicular A B ; 
mark it D. On the right hand side of this line from B to S, lay off the 
apparent distance between the two bodies, taken from the same scale of 
chords. Subtract the moon's apparent altitude from 90°, and, taking the 
result in the compasses as measured from the scale of chords, set off 
this distance on each side of B to x and y. 

Subtract the sun's, star's, or planet's altitude from 90°, and, taking the 
result in the compasses, as measured from the scale of chords, set this 
distance off on each side of S to S' and S". Draw the lines x y and s' s", 
marking the point of their intersection E; then is }) E the line of 
oorreotion, which measure from the scale of chords, if the line s' s" 
intersect the line a? y to the right of the line A B, the correction is sub- 
tiactive ; but if to the left, it is additive. 

Multiply the line of correction by the horizontal parallax, expressed in 

minutes and decimals of a minute (as regards the seconds), and divide 

the product by 62 when the correction is subtractive ; but when additive, 

divide by 63 ; the result in either case is the correction to be applied to 

the apparent distance to get the true distance. This projection will, in 

fill suitable cases, give a close approximate to the results of rigorous 

computation (in the present example within 1"), but it will be well to 

hear in mind that altitudes taken either too near the horizon or the 

wnith are, for various reasons, most liable to error. This remark applies, 

however, to all methods alike. The chief use of this method is that it 

seryes a check on computation. Great care must be taken to measure 

accurately with the compasses. A little practice will enable any one, 

iccQBtomed to use the compasses and scales, to clear a lunar distance in 

^ very short space of time. When the distance is greater than 90° it 

^ not be advisable to use this method. 
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Chraphic method of clearing a Lvmxir Distance hy the Scale of Chords. 

O t II oil! O I 

}>'8app. alt .. J9 JO 40 Mars' app. alt. . . 40 10 46 ]) *s apparent dlst 51 16 58 
})'BOO-alt 50 29 10 Han'00-alt. .. 49 49 14 ^ 'a horizontal panUaz 55 17 



O I I 




t n 
}) £ X .D's hor. par. -|- 62 = the correction 17 12 



oil! 

Apparent Distance . . .. 5J x6 58 
CSorrectlon — 17 12 

Tme Distance = 52 59 46 






To compute the Altitude of a Heavenly Body, 

It frequently happens that, at the time when a lunar distance is 
required, the altitude of one, or both, of the bodies may be so hig^ of 
BO low as to preyent their being taken in an artificial horizon, in which' 
case the altitude should be computed, the error of the watch on M. T* 
at place haying been preyiously determined; and since the Altitudes 
employed in clearing the lunar distance are not required to the sama 
degree of precision as those used in finding the time, it will be suflcient 
if they are computed within 20" or 30" of the truth. 
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Bule. — ^HaTing taken from the 'Nautical Almanac' the Declination, 
.A, Sidereal Time, Semidiameter, Horizontal Parallax, &c., as required, 
)rrect the same for the ajoproximate Greenwich Date. 
Find the Hour Angle as follows : — 

For the O the apparent time from Noon is the Hour Angle (if p.m. 
le mean time at place converted into app. time with the equation of time 
ill be the hour angle), but if a.m. the apparent time thus found, 
q)ressed astronomically, must be subtracted from 24 hours to give the 
our angle. 

For the Moon, Star, or a Planet : — 

To the Sidereal time at noon on the given day (page ii. N. A.) accelerated 
)r Greenwich Date (table 23 Eaper) add the mean time at place, this 
urn will be the Eight Ascension of the Meridian; subtract from the B.A. . 
f the Meridian the E.A. of the object, and the result will be the west 
lOur angle of the object ; which subtract from 24 hours when the east 
tonr angle is required. 

The True Altitude may now be computed as follows : — 

To find arc I. — To the log cosine of the object's hour angle add the log 
otangent of the latitude ; their sum (rejecting 10 in the index) will be 
he log tangent of arc I. 

To find the true Altitude. — ^Add together the log sine of the Latitude, 
he log secant of arc I., and the log cosine of the difference of arc I. 
aid the Polar Dist. ; their sum will be the log sine of the true Alt. 

N.B. — When the hour angle is more than 6 hours, or 90°, take the log 
iosine of the sum of arc I. and the Polar Dist. 

From the True Altitude to find the Apparent Altitude : — 

The corrections must be applied in reverse order, and with contrary 
■ignfl to those with which the true is derived from the Apparent Altitude. 

For the Sun or for a Planet, — Subtract the Parallax in Altitude, and 
idd the Befraction. 

For a Star, — Add Eefraction. 

For the Moon, — Take out the correction in Alt (table 39 Eaper), and 
nibtract it from the True Altitude of the Moon, this gives only the 
proximate apparent altitude ; enter the same table 39 again with this 
approximate apparent altitude, and take out the correction again, which 
ubtiact from the tbue altitude — the result gives the Apparent Alt. 
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To find the Longitude by the Moon's Altitude, 

To compute the Moon's Eight Ascension at the time and place when 
its Altitude is observed in an Artificial Horizon, and to deduce theie&om 
Greenwich Mean Time and the Longitude of the place. 

The Observation. — Determine accurately the error of the watch on mean 
time at place of observation, in the usual mauDcr, by the observed 
Altitude of the Sim, Star, or Planet ; this observation should be taken 
when the heavenly body is more than three hours from the meridian, and 
as shortly before the observation for Longitude is taken as possible. 
The error of the watch on M.T. at place being ihua aecuratdy determined, 
observe the Altitude of the upper or lower limb of the D (whichever is 
the ])erfect limb) in the Artificial Horizon, and note the time. The nearer 
the ]) is to the East or West point of the Horizon, the better, so long as 
its Altitude is sufficient to permit of its being observed in the Arti- 
ficial Horizon. When the d is within three hours of the meridian this 
observation should not be taken. 

Note the state of the Thermometer and Barometer, and take the index 
error of the sextant, both before and after the observation. 

It will always be better to take a set of sights, say 3 or 6, than to tmst 
to a single observation ; and throughout the computation extreme accumy 
is indispensable, 

Bute, — To compute the }) 's Eight Ascension : — 

To the mean of the times of observation apply the error of the watch 
on mean time at place (always reckoned from the previous noon) and the 
Longitude in time (the Longitude must be assumed) ; the result will be 
the approximate Greenwich date, to which reduce the D 's semid. (Art 
588 Baper and table 42), the D 's Horizontal Parallax (Art 587 Baper), 
the D 's declination (Art. 590 Baper), and with this reduced declination 
find the Polar Dist. Find the Sidereal time at Place (Art. 608 Baper). 
Find the }) 's true central altitude (Art. 655 Baper), always, when the 
Artifi^dal Horizon is used, first applying the index error of the sextatU io 
the mean of the altittbdes, and dividing this result by 2 for the observed 
Altitude. Then proceed to find the D 's hour angle (or meridian dis- 
ianae) (Art. dli Baper). To the hour angle thus found, add the sidereal 
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place, and, if the sum exceed 24 hours, diminish it by 24 hours, 
I sum will be the computed B.A. of the moon at the time and.plaoe 
Tation, when the observation has been taken to the east of the meridian ; 
■en the observation has been taken to the west of the meridian^ the 
igle must be subtracted from sidereal time at place (incr^Eused 
sary by 24 hours), and the remainder will be the computed Bight 
on of the moon at the time and place of observation. 

nd the G,M,T. corresponding to the computed E,A, of the moon : — 

the computed D 's BJL enter the * Nautical Almanac ' (pages y. to 
3ach month) on the giyen day, and take out the next less and 
t greater K.A. of the D (these are given for every hour). Take the 
ween the next less K.A. and the computed EA., also between the 
s E.A. and the next greater E. A. (those taken from the ' Nautical 
,c '). Then to the constant Log 0'4771 add the proportional log 
diff. between the computed and the next less E.A., and from this 
btract the proportional log of the 6iS, between the next less and 
t greater E.A., and the result will be the proportional log of a 
of time, always to be added to the hour given in the ' Nautical 
.c ' for the next less E. A., and their sum will be the Greenwich 
ime corresponding to the computed D 's E. A., and, therefore, the 
at time and place. 

id the Longitude : — ; 

r the G.M.T., foxmd as above, place the time by watch (corrected 
rror on mean time at Place), their difference will be the .Longitude 

East, if the time at Place be the greater. West, if the time be 
3r ; and the Longitude thus found is absolute (i.e.) independent 
ime-keeper, or derived directly from an observation, 
d it be found that the assumed Longitude has been so much in 
I to cause a large error in the approximate G.M.T., the whole 
be computed again with the G.M.T. foxmd as the Greenwich date 
ecting the elements taken from the 'Nautical Almanac' But 
eldom likely to be the case, as the error of the approximate G.D. 
have to be very large to have much effect on the corrections 

to the elements taken from the 'Nautical Almanac.' — Se^ oieo 
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Baper (Art. 615, page 203, 12th edition), on the errors of the Hour j 
which is a very simple method of finding the error caused by error 
in Alt., Lat. or Polar Dist., and therefore for any small number of m 
or seconds in i^ like proportion. 

Example, 

At Mitcham, Oct. 23rd, 1880.— The following is the mean of a 
Altitudes of the Jn taken in an artificial horizon, and the correspo 
times, to determine the Long, by computing the D 's E. A. at tim 
place of observation. The moon was East of the Meridian. The ei 
the watch on mean time at place had been preyiously determine( 
the index error of the sextant was - 1' 10". Latitude, 61° 24' J 
Estimated Longitude, lO' 00" w. 

H. IC S. H. X. 

Mean of the times 9 53 }o Sidereal time at M. Noon 23Td .. 14 9 

Watch fast on M. T. at place . . — 18 Acceleration for W. Long + 

Mean time at place .. .. = 9 53 12 Bed. S. T. at M. Noon 14 9 

W. Longitade in time •(•40 Mean time at Place 4> 9 53 

Acceleration for M. T. at Place .. +1 

Approximate G. T. M. .. = 9 53 52 

— — «-» Sidereal time at Place j 

Obs. Alt ^ in 

Art. Horizon, '* " 

o I It j'sHor. Par, Oct. ijNoon .. 54 ii'7 
J^ 27 43 42 „ „ Mid. .. 54 lo'i CoiT. .. 

Index error .... — i 10 

12 hours' variation ., .. = 1*4 

2) 27 42 32 Corr. for La 

ij 51 16 3>*8Corr. 

Ang.Semid. .. .. 4* 14 50*8 Hor.Par 

14 6 6*8 o ' " 

Bar. 29*5 Corr. in") . ^q ,0 ^ J's Declination at 10 honrs .. 22 48 2*6 n. 

Ther.4oOAlt. } + 48 38'6 Correction by the diff. for 10m.) ^ ,,., 

^ (N.A.) 1+ »^ 

J'8 True Alt 14 54 45*4 

•_^« 22 48 25*1 

J) 's North Polar distance •• .. 67 11 34*9 

/ // 

]>'8Semidiameter .. •. 14 47'; 
Augmentation + 3*5 

Augmented Semid 14 50*8 
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Altitude 14 54 45 

Ijatitode , 51 24 12 S-cant o* 2049)1 

Polar Dist .. .. 67 11 35 CoHsecant .. .. 0*035356 

2) Hi JO J2 

iSmn 66 45 16 Cosine 9'59^2j6 

i Sam— Alt Si 50 31 Sine 9*895594 

Log sin sq. = ] 

H. M. 8. > 9*732117 



6 18 II 



H M • 8 

EaitHourZ 6* 18 li 

Sidereal Time at Place *+ 3 56*46 



]) '8 Computed R. A = 6 22 7*46 Constant '4771 

^'sR.A. at9hours(N. A.) .. = 6 20 12*75 Pro. Log. im. 54*718. .» i*97J9 

Diff. I 54*71 2*4510 

— ^^^— - Pro. Log. 2in. 7*J4S 1*9285 



6 20 12' 

lb hours (N. A.) . . = 6 22 20*69 



}'8B. A. at9bour8(N. A.) .. = 6 20 12*75 54m. js. = Pro. Log. 0*5225 

~T. A.).. = " 



Oiff. 2 7*34 

H. M. 8. 

Nautical Almanac Hour of Next Less B. A 9 00 00 

Correction +54 i 

Q. M. T. Corresponding to Computed Right Ascension . . . . 9 54 3 

Mean Time at Place 9 53 12 

Longitude in Time 00 00 51 = 00 12 45 W. 
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To fiind the Longitude hy the OccuUation of a fixed Star, . 

The moon in its monthly revolutions round the earth frequently passes 
between the earth and a fixed star so as to intercept a spectator's view of 
the latter; the disappearance of a star from this cause is called an 
immersiony and its re-appearance from behind the moon is called an 
emersion. A list of these phenomena is given in the ' Nautical Almanac/ 
with the limits in Latitude beyond which a star cannot be occulted by 
the moon ; as the elements refer to the moon and star, as they would be 
seen from the earth's centre, they serve equally for all places on the 
earth's surface. This observation is much easier and more certain in its 
results than the lunar observation ; as the instrument (the telescope) is 
one that every person can use, and is not liable to any error, all that is 
required is, that the observer shall be certain that one instant he does 
see the star and that the next instant he does not (with an emersion the 
exact contrary is the case). Neither is there much difficulty in recognisiiig 
the star, its position with reference to the moon being clearly pointed out 
in the ' Nautical Almanac,' and as the moon only moves its own diameter, 
among the stars in an hour, there is ample time after the star and moon 
are in, apparent, close proximity, to make sure of the star. Before, or 
immediately after this observation, a set of sights should be taken 
to find the error of the watch on apparent or mean time at place. 
When a traveller has decided to observe an occultation, he should, 
during the day, find the local time of that phenomenon, by applying 
the assumed longitude in time to the G.M.T. of conjunction in R.A. of 
the moon and star, which he will find among the elements of occul- 
tations in the 'Nautical Almanac,' adding the longitude in time if it 
be East, and svhtra^ting if it be West. An hour before the time so 
found, he should point his telescope to that limb of the moon by which, 
the star will be occulted ; it is necessary to take this precaution as 
his assumed longitude, and therefore his time, may be considerably in. 
error. The moon will be seen to approach the star from West to 
East until its eastern limb will reach the star and occult it; noto 
the instant when this takes place. After a certain interval the star 
will re-appear on the other side of the moon ; note this time also. Either 
of these observations are sufficient to determine the G.M.T., and thence 
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the Longitude in the manner shown in the example. When the star is 
occulted by the moon's dark limb, the observation will afford most 
decisive results. At or near full moon a star occulted by the bright 
limb is not so easy an observation. A three-draw telescope, with 
a good object-glass of two inches clear aperture, fitted with an astrono- 
mical eye-piece having a magnifying power of 40, and a clip with an 
universal joint, which can be screwed into a tree, or preferably, into some 
other fiixed support, is well adapted for taking this observation. The 
example given is computed by Raper's rule and tables. It will be 
observed that several of the logs can be taken at one opening of the book, 
and as only four places of decimals are used, the Log sines, cosines, &c., 
can be taken at sight to the nearest 30''; this is not, however, the case 
with the proportional logs ; where they occur the strictest accuracy must 
be observed, and the decimals of seconds must not be neglected. This 
remark also apphes to the Moon's Declination, Eight Ascension, Hori- 
zontal Parallax, and Semidiameter. 
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To find the Longitude hy Eclipses of Jupitei^s Satellites* 

In the ' Nautical Almanac * will be found the conjfiguration of Jupiter's 
Satellites for every day in the year, except when Jupiter is so close to the 
sun that his satellites are invisible ; these diagrams are given for North 
Latitude, and must be reversed for South Latitude. When Jupiter 
comes to the meridian before midnight, the whole eclipse (both immer- 
sion and emersion) takes place on the East side of the Planet ; when 
after midnight,, on the West side. As an inverting telescope must be 
used, this will appear to be reversed. The error of the watch on mean 
time at place should be found from observations of the Sun's, or a fixed 
star's altitude in the manner already described; but if Jupiter is 
more than 3 hours from the meridian at the time of the immersion 
or emersion of one of his satellites, and if Jupiter's altitude be taken 
at the instant of observing the immersion or emersion, the use of a watch 
will be unnecessary; as the 'Nautical Almanac' will furnish the Green- 
wich date required ; this, of course, can only be done when there are two 
observers. As a rule, the first satellite is to be preferred, as its motion 
is more rapid than that of the other three. The explanations given in 
the ' Nautical Almanac ' are so clear that they leave nothing to be added. 

The observation, — Having estimated the local time of the phenomenon 
with the assumed Longitude, and the time given in the 'Nautical 
Almanac,' be ready some time before the eclipse will take place with 
a telescope, having a magnifying power of not less thian 30, and note the 
instant of the disappearance or re>appearance of the satellite. It must be 
remembered that either of these events (being caused by the shadow of 
the Planet) may take place when the satellite is at a considerable distance 
from Jupiter, The difference between mean time at place when the 
observation was taken and the mean time at Greenwich, given in the 
'Nautical Almanac,' is the Longitude, as shown in the following 
example : — 

At Mitcham, Nov. 30th, 1881, observed the emersion of the 1st satellite 

* ''This method, though easy and convenient, is not very aconrate; the 
eclipse is not instantaneous, and the clearness of the air, and the power em- 
ployed, affect considerably the time of the phenomenon. Observers have been 
immd to djftefr 40 sec. or 50 sec. in the same eclipse." — Baper, 
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of Jupiter, at 10 h. 25 m. 4 sec , the error of the watch on local mean time 
being 33 sees. slow. 

Time by Watch , lo 25 4 

Error of Watch ' + JJ 

10 25 J7 
M. T. at. Greenwich 'Nautical Almanac' 10 26 16 

Longitude in Time . . , . 39 = 9 45 W. 



13. To FIND THE Latitude by obseeving the times when two dif- 

FEKENT PAIES OF StARS ARE VERTICAL ONE ABOVE THE OTHER {i.e. 
IN THE SAME AZIMUTH CiRCLE). 

It sometimes happens that a traveller may be so unfortunate as to lose 
or injure his Sextant, in which case he may, with a plumb-line, a pair of 
compasses, and the scale of chords and semi-tangents, obtain approxi- 
mately his Latitude. The declinations and right ascensions of the stars, 
with their annual variations, are given on page 152; a watch is also 
required to take the intervals. 

Note. — All stars which rise in this position ^ * «b^ set in this, • 

position ^B^ *^ » therefore there must be a time when the star A* will 
be directly over star bS or it could never reach the position a^. A series 
of observations taken by the following rule will give a very good approxi- 
mate Latitude : — 

The observation. — With a plumb-line, observe when two stars appear to be 
in a vertical position, and note the time. Then watch until another pair 
of stars appear (in the same way) vertical to one another, and note this 
time ; take th'e difference between these two times, and call it Interval, 

To project the problem Stereographically on the plane of the Equinoctial : — 
With the chord of 60° describe a circle to represent the Celestial 
Equator ; and taking any point of this to represent the first point of 
Aries, set off on it (by the scale of chords) the Eight Ascensions of the 
four stars, decreased for the two of the last pair (but for these two only) by 
the Interval already noted. The radii of the primitive drawn to the four 
points thus set off represent circles of declination ; on which set off, from 
the centre, the respective polar distances of the stars, taken on the 
compasses from the scale of semi-tangents. If the scale of tangents is 
used, then, half the polar distances are to be taken. 

Next describe an oblique circle through. ©aG\i ol \Jcvsfife ^-aixTe* ^\ ^wifi«.\ 
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and the point where these two circles intersect one another irill be 
the Zenith. The distance between this point and the centre of ths 
circle, which represents the Pole, will be the complement of the Lati- 
tude, called co-Latitude, which is td be measured from the scale of 
semi-tangents; or if taken from the acale of tangents, the angle indi- 
cated on the scale must be doubled. This measure subtracted from 
90° is the Latitude. 

To measars an arc of more than Why the scale of chordi ;— 
Set off, first an arc of 90° ; and from the farther end of that arc, set off 
the excess. For instance, to set off an angle of 130°, set off first 90°, and 
beyond it 40°. 

Preparatorj/ problem: To describe an oblique cirde which shall pasa 
through two given points, as A, B.' — 
From the centre P describe the circle D H Q E, as the primitive. From 
the point A, through the centre ? draw the lice A P G, and draw the 
line H P E perpendicular to A P G. A ruler laid on E and A will 
intersect the primitive at D ; and a ruler from D through P will give F : 
then a line drawn through F from E will intersect A P G (produced) 
at G'. Draw AB and BG'; and from the centre of these lines, erect 
perpendiculars; C, the point of interBOction, will be the centre of an 
oblique circle which shall pass throi^h the points A B Q'. 
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Example, 
At Mitcham, Surrey, Feb. 4th., 1881, the following observation was 
aken with a plumb-line : — 




H. H. 

Aldebaran and Eigel, vertical 6 38 

SiriuB and Procyon, vertical 13 22 



Interval 



Z. P. Co-Lat. 
Latitude . . 



• • • • 











6 


44 







1 


// 










r= 


38 


J6 


00 








90 


00 


00 







51 24 00 N. 
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Note, — ^In North Latitude, when the declination is South, add declina- 
tion to 90°, take half of this sum in the compasses measured from scale of 
tangents (= semi-tangents), lay this off from the centre of the primitiye. 

The same rule applies in South Latitude when the declination is 
North. 

14. To Find the T^rvh Meridian. 

Wiih the Transit Theodolite. 

Find the time of the meridian passage of the Pole Star by Table Y. or 
the ' Nautical Almanac' Level the instrument, and if this be carefully 
done, the line of coUimation will move in a plane perpendicular to the 
* horizon, and will pass through the Zenith ; then by making it also pass 
through the celestial pole, and clamping the horizontal plates when it is 
in that position, the movements of the telescope will be restricted to the 
plane of the meridian. Tliis is done by turning the telescope on to 
the Pole Star, and covering it with the i)oint of intersection of the tele- 
scope wires at the time (previously ascertained) of its upper or lower 
culmination, and then firmly clamping the Horizontal plates. The 
meridian lino should now be laid out to the North and South of the 
observer, by sending a man with a lantern and a staff in both directions, 
and making him drive the staff into the ground at the spot where the 
observer sees the lantern in a central position on the cross wires of the 
telescope. 

In South Latitude any star may be used if the local time is accurately 
known, and the time of the star's meridian passage carefully computed. 
The observation is precisely the same as for the pole star, but it would be 
well to take more than one star in order to correct any errors that may 
have been made in observation or computation. Though the results of 
such observations as these are susceptible of a great degree of precision, 
yet al^soluto accuracy must not be expected ; they will, however, be quite 
close enough for any purpose that an ordinary traveller is likely to 
require. 

If local time is not accurately known, the true meridian may be found 
in the following manner : — Carefully level the transit theodolite, and set 
the 3(>0^ division as nearly true north as you can get it by the attached 
magnetic needle, then clamp the lower plate, and unclamp the yemier 
plate, select any star at some considerable distance east of the niCTid'^", 
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and cover it with the intersection of the threads in the diaphragm, damp 
(he vertical cirde, and take the reading on the horizontal plate; then, 
after the necessary interval, watch the star until it is again covered with 
the intersection of the threads in the diaphragm west of the meridian 
take the reading, and then the theodolite will point just as far west of 
the meridian as it originally did to the east, and a point midway between 
these two horizontal readings will be in the true meridian. Care must be 
taken to keep the vertical circle and the lower plate clamped during 
the interval between these two observations. Having thus fouud the 
trae meridian it can be marked as previously directed. 
{See also True hearing, p. 66). 

By the Sun, without instruments. 

Having levelled a piece of ground of sufficient size, plant a rod in a 
truly perpendicular position, testing it with a plumb-line, and at 




an hoar or two before noon (say 10.30) mark accurately the extremity, 
C, of the shadow, B C, thrown by the rod when the sun is in the posi- 
tion S ; then &om the base, B, of the rod as a centre, with the radius 
BC, the length of the shadow, describe the circle, DCF, upon the 
gronncL As the sun*s altitude increases, the shadow of the rod will fall 
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within the circmnference of the circle, and will •gradually grow shorter 
until noon; after which, as the sun's altitude decreases, the shadow 
of the rod will grow longer until, at last, when the sun has attained the 
position S', it will reach the circumference of the circle at the -point D. 
Divide the arc, C D, into two equal parts, and from E, a point equidistant 
from C and D, draw a line through the centre, B, and that line will 
coincide, approximately, with the true meridian. 

15. Method of' making Route Sttbyets thbough jungle ob fobest ob 

ON A STEEP HILL-SIDE. By Lieut.-Col. R. G. WOODTHOBPB, B.E. 

In speaking of this method of surveying. Col. Woodthorpe says:— 
" I first adopted it in 1871-72, during the preliminary reconnaissances 
in the Garo Hills Expedition, when the nature of the country passed 
through, prevented any stepping off the path, and the hostility of the 
Garos prevented any lagging behind. The method was as follows : — Just 
before starting on the day's march, I compared the direction of my 
shadow with each of a round of bearings taken with a prismatic compass ; 
and on starting, I took the general direction of the road with the com- 
pass, and rays to any known points. During the march also, any great 
changes in the direction of the road were taken with the oompass, but all 
minor changes of direction I obtained by watching my own shadow when 
the sun was behind me, and the shadow of a man in front when the sun 
was before me ; and whenever a halt was made I checked the bearings of 
my shadow anew to find the variation due to the sun's motion during the 
day. 

A little practice soon renders one very independent of the compass for 
short distances, and I could generally guess a bearing to within 2° or 3° 
of the truth. This error in short distances, when the route is not plotted 
to any large scale, is of no importance. To find the distance, I noted the 
time taken in traversing each by a watch reading seconds, occasionally 
pacing 100 yards to find the rate of going, all halts or checks, of course, 
being noted also. 

By this method, frequent stoppages of the whole line in a narrow path, 
from which it was impossible to step aside to take compass readings, 
were avoided. The compass is often affected by the proximity of arms 
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and accontrements, and this difficulty is also overcome. The changes in 
the direction of a path through jungle, or on a hill-side, where there is no 
made road, are very frequent ; and observations of shadows enable one to 
determine, without observing the compass, whether the direction of the 
path really changes, or only alters for a few yards, resuming the old 
course again. Accurate measurements by pacing are only obtainable by 
keeping up a continuous steady walk, which it is impossible to do with 
the frequent checks or spasmodic accelerations of pace oja a line of 
march ; but I found by repeated trials that the rate of a column does not 
vary nearly so greatly as the pace of any one individual ; in it consider- 
able practice is necessary to acquire accuracy in steep ground, but 
in tolerably easy country I found I could easily obtain it. Fortunately 
for this method, all countries are not so sunless as England, on one 
occasion I made a route survey in this way for about forty miles of hill 
and dale, with only one check ray to a known point ; and when it was 
transferred to an accurate survey which was afterwards made of the 
country traversed by it, its last station was found to be hardly out at all 
in Latitude and not half a mile in Longitude. In the cold weather of 
1876-77 I had to survey some rapid shallow streams running through 
dense jungle, and whenever we were going into the stream in our dugouts 
(ie. native boats, each hollowed out of a single tree) I found the best 
plan of surveying was with a prismatic compass suspended in gimbals 
mounted on a small tripod stand set up in front of my seat in the boat. 
I measured certain distances along the bank, and carefully noted the 
tune one boat took to pass them, 'carried down by the current only. The 
compass gave the bearing throughout the length of the reach, and the 
watch gave the distance, and I found quite sufficiently accurate results 
were obtained. In actual measurements of shallow streams, when a sub- 
tense instrument is not available, I found canes to be invaluable. They 
grow everywhere in the forests in Assam, and lengths of 100 feet each 
WOTe easily procurable. Their bghtness caused them to float on the 
81Ii£gu^ of the water, they were constant as to their length, and gave no 
trouble to the chainmen in pulling them taut in the water. They were 
very useful in measuring through the jungle and forest undergrowth, 
through which they could be drawn without being caught by thorns in 
the bushes, advantages not possessed by chains or ropes." 
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16. SUBVETB WITH SeXTANT AND PbIBXATIC CoXPASS.* 

By CoL Sir C. W. Wilson, k.g.x.o., bjl 

A traveller who intends to deyote a portion of his time to the snryej of 
the country he is abont to yisit, should consider before leaying home what 
he is going to do, and how he will do it The character of the propoeed 
snryev, the projection to which it is to be referred, the scale or scales to 
be adopted, the instraments to be used, should be carefolly thought over 
before commencing work, and there should be no hesitation when once 
upon the ground. A decision on these points depends on yarious con- 
siderations — such as the time and means at the disposal of the trayeller, 
the object in yiew, the nature and geographical position of the countryi 
&c.; and the following notes are confined to a few hints which may be 
useful in the field. 

Projection, — When the extent of country to be laid down is small, it 
may be treated as a plane-surfEice, but when it is considerable, allowance 
must be made for curyature, and some projection of the sphere, or a 
portion of the sphere, adopted. The projection should be selected with 
reference to the latitude and local peculiarities of the country to be 
surveyed ; the sheets should be prepared before leaving home by a com- 
petent draughtsman, and two or more copies of each taken, {uidked in a 
round tin plan-case. It may happen, however, that a projection has to be 
made in the field, and a few notes are given on the constmctk>n of 
Mcrcator's, the Conical, and the Rectangular Tangential Projectiona. In 
Mercator's Projection the true proportions are preserved between the 
meridians and the parallels, and the figures of the objects delineated aie 
in every part correct ; but the exaggeration at a distance firom the Eq[iiatar 
is HO groat that, beyond 50° or 60° a circular or polar projecium is 
proforablo. Tlio advantage of Mercator's projection is, that the bearing 
and (liHianco of one place from another, as measured on the map, istiie 
Harn(3 hh on the glol)o itself; the traveller can thus lay down his route 
ufK)n it with great roadincRR. The Conical Projection is well adapted for 
t}]() ropniwaiiaiioii of small portions of the sphere : but if the map is ex- ^ 
t(!i](l<)<l iniicli above or below the middle latitude, the distant parts will be 



* II will Imi iiM(l(>rHi4MMl, that if a small theodolite can be oamed, the wofkof 
mirvoyiiiK will ho ^rciiily fiu;ililaUHl. 
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J distorted. The Hectangtdar Tangential Projection is well suited 
^ps on a scale of 10 miles to* an inch ; and the tables published by 
}e Sir Henry James proyide the means of readily constructing the 
required. 

e. — For the fair plan, a scale of 10 miles to an inch is recommended, 
B iield-sketch or ontdoor-work, a scale of 2 miles to the inch ; or, if 
detail is required, of one mile to the inch. The scale of 2 miles to 
3h has this advantage — that the ordinary sketching-card 12" x 15" 
mtain sufficient ground — 24 miles x 30 miles — for the day's work, 
ost of the points to which bearings are taken. 

classes of Survey to which attention may be directed are — 1. A 
I route-survey ; 2. A district-survey ; 3. A special survey of a small 
)f country ; and 4. A survey of a plot of ground containing ruins, 
Che only instruments supposed to be available are—sextant, watch 
onometer, prismatic compass, measuring tape, aneroid, &c. 
■oute Survey. — Arrived on the ground, the traveller must first fix, 
& much accuracy as possible, the position of some point on the 
i surface to which his work may be referred. If he starts from the 
ine, the position of some well-defined point can generally be 
ed from the Admiralty Charts, but if no such resource is available, 
)sition of his initial point must be determined by astronomical 
ations. The latitude can be obtained by a good observer with a 6" 
t to about 100 yards on the earth's surface; but the longitude 
i be found by lunar distances to within ten minutes (10 miles on 
uator). The ix)sition of the initial point. A, having been deter- 
, work commences. The true bearing of some well-defined distant 
)r other landmark, is obtained, and this having been made " zero," 
d of angles is taken with the sextant to conspicuous objects, some of 

should be in the direction of the proposed line of march, and, if 
le, near the first halting-place. Several observations of the zero- 
ire made with the compass, the needle being deflected each time, to 
the variation, and the aneroid read for altitude. All angles should 
ked at once in ink, and the names of the observed objects carefully 

a rough outline-sketch of the peaks or other landmarks will be 
useful in identifying points as the work proceeds. The initial 
A, is pricked off on the sketching-card in a suitable position for 
down the day's march, and surrounded by a circle O ; the observed 
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angles are plotted ; and a magnetic meridian is drawn ; all is then ready 
for plotting the route. The compass is*6et up at A, and the sights of the 
instrument are directed on some object, h\ in the direction of the line of 
march ; the bearing of V is read oflF and plotted from A on the fieldneiheet 
by means of the protractor ; bearings are then taken to conspicuous objects 
such as X, which appear \o lie near the line of march, and these are 




likewise plotted. The march now commences in the direction of kV, and is 
continued to the point h where the route is found to turn to the right ; 
the distance Aft, measured during the march, is laid down upon the field- 
sheet, and the point 6, surrounded by a circle 0; the compass is then set 
up at h, and the bearing of an object, c', in the direction of the new line of 
march, read off and plotted from h on the field-sheet; bearings are also 
taken to objects, such as X, Y, on either side of the route, and plotted; 
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he point X haying also been observed from A, is now fbsed. The march 
} again taken up in the direction h cf until a point c is reached, at which 
lie road bends to the leffc, the distance h c laid down, and so on nntil camp 
» is reached. At B, observations shonld be made in the evening for time 
od latitude; and in the morning, observations similar to those which 
ave been made at A. Should the camp be near one of the points 
bserved to from A, the distance and true bearing of such point from B 
lould be determined, with a view of fixing its position. At certain 
unps the longitude should be found by lunar distances, to serve as a 
beck on the traverse-survey. Distances on the line of march may be 
leasured by counting or timing the paces of a man, or by counting or 
ming the paces of a horse, mule, camel, &c., whose length of step is 
nown. Time-measurement will be found most convenient, and, with 
ure, will give very good results. Compass-bearings need only be taken 
t every second station on the line of march. Objects on either hand 
dould, where possible, be fixed by three bearings It is not desirable 
D take compass-bearings to points more than 6 or 7 miles distant, as the 
irismatic compass can seldom be depended upon to within one degree, 
ad an error of this amount in 6 or 7 miles would give an error of '05 inch 
>n a scale of 2 miles to the inch. If the route runs near a peak, of 
rhich the true bearing has been determined from A, it should be as- 
ended, and a round of angles taken with the soxtant, making A the 
6ro-point. When there is a mid-day halt, the meridian altitude of the 
on should be observed. If a field-sketch cannot be kept up, the route 
hould be entered in a field-book, and afterwards plotted, before details 
re forgotten. A book — with every alternate page ruled into squares by 
Jrong lines, and subdivided by finer lines, the smaller squares represent- 
ig five minute intervals of time, the larger ones one hour— will be found 
^ great use in making a rough sketch of the route, or a modification 
' the form used in booking a traverse-survey may be adopted ; in all 
ees the bearings, distances, &c., should be clearly written in the 
x)k. 
In this field-sketch the ground has been treated as a plane surface, and 

soon as convenient the work should be transferred to the projection on 
e &ir plan. In doing this it becomes necessary to calculate the latitudes 
d longitudes of the camps, and other points, from the material provided 

the survey ; when this has been done, the fixed points are laid down 
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in their true position on the map, and the detail reduced to the proper 
scale. 

2. District Survey. — ^The basis of any survey of an extensiye district 
should be a system of triangulation, and the first step is Ihe measurement 
of a base line. With no instruments except a sextAnt, i&'pe, and prismatic 
compass, the best plan is to measure an astronomical base, and thence 
extend the triangulation as far as may be necessary. Two suitable points^ 
A and B, lying nearly north and south of each other, are selected as thd 
ends of the proposed base ; the position of A on the earth's surface ia 
determined at the point itself, the true bearing of B from A is obtained^ 
and B haying been made zero, a round of angles is taken with the seztan't: 




to conspicuous points; camp is then moved to the vicinity of B, and 
observations for latitude made at that point ; the true bearing of A from B is 
then obtained, and a round of angles taken to the points previously observed 
to from A. The length of the base AB can then be computed, and the 
position of several of the points observed to from A and B determined. 
The fixed points are next laid down on the field-sheet, and the detail 
filled in with the prismatic compass. In this way the triangulation may 
be extended over the district to be surveyed, care being taken to 
check the work occasionally by observationa for latitude at selected 
points. 

The following notes and problems* will be found usefol in constructing 
the map : — 

Problem I. — Let A and B be two stations visible from one another, 
AP = 6, BP = a, their observed co-latitudes, the angles A and B their 

* Problems II.-Y. are taken from Frome's * Outline of a TrigODjometricaL 
Survey/ revised by F. Capt. Warren, E.E. 
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reciprocal trne azunnths, and APB, or P^ the required angular difference 
of longitude. Then by spherical trigonometry — 

Cot. i P = COS. U« + ^) tan. i (A + B) 
COS. i (a — o) 

which determines P. 

Problem II, — The latitude and longitude of any point being known, that 

of any other point within a short distance can be determined by plane 

trigonometry. Suppose the latitude and longitude of the camp at A to bo 




imown, whence that of a neighbouring peak or land-mark, C, is to be 
determined ; the distance AC must be measured, and the azimuth NCA 
observed, then the difference of longitude AB is the sine of ACB to radius 
AC, and the difference of latitude BC is the co-sine to the same angle and 
radius. 
Problem III. — The distance between two places is generally resolved 



DEPARTORE S' 




by plane trigonometry, the difference of latitude SL, and the azimuth 
S'SL, called the course, forming a right-angled triangle, in which 8S\tb^ 
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digianee, is detenniiied; the other side LS^, tenned departttrt, hexog the 
smn of all the meridioiial diataTices passed oyer. 

Problem IV. — Given the distuioe trayelled on a giTen paraDel ci 
latitude to find the difieienoe of longitude. 

Again, in the triangle ABC, let AB re present the distance or departure, 




A^ 



and the angle BAG be eqnal to the latitude, then AC, the hypothennse, 
will be equal to the difference in the longitnde. 
Problerfh V. — Given the departure to find the differeDce of longitude. 




Also, if DB represent the distance, and CD the difference of latitude, 
then BCD will be a right angle, and BC the departure, nearly equal to the 
meridian distance in the middle latitude. If, then, in the triangle ABC 
the angle ABC be measured by that middle latitude, AB, the hypothennse 
will be nearly equal to the difference of longitude between D and B. 

For the yariation of the compass, it is convenient to take a bearing of 
the sun at sunset or sunrise ; or^ if this cannot be done, an agjmntfi of 
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the snn at any time three hours before or after noon will answer equally 
well. The angular distance between the sun, when its own diameter is 
above the horizon, and any well-defined peak, measured with the sextant, 
gives the true bearing. 
To find the sun*s true amplitude for any day :— to the log-secant of the 




latitude, rejecting the index, add the log-sine of the sun's declination 
corrected for the time and place of observation. Their sum will be the 
log-sine of the true amplitude. If the true and magnetic amplitu^les be 
both north or both south, their difference is the variation ; but if one be 
north and the other south, their sum is the variation; and to know 
whether it be easterly or westerly, suppose the observer looking towards 
that point of the compass representing the magnetic amplitude ; then, if 
the true amplitude be to the right hand of the magnetic, the variation is 
east, but if to the left hand, it is west. 

In filling in a survey, the observer can fix his position, C, by observing 
two fixed points, A and B, and plotting from those points the opposite 
bearings to those observed, their intersection fixes the point required. 
The nearer . the two bearings meet at a right angle the more correct will 
the i)oint be determined, and, if a third fixed point is visible, a bearing to 
it will act as a check on the other. 

A third and accurate method of fixing the position Is by the anglLea 
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subtended between three known objects. The instrument called the 
• station-pointer is generally used for this purpose ; but the position may 
also be found with a pair of compasses and a protractor, or, more simply, 
as follows, by means of a protractor and a sheet of tracing paper. Draw 
a line through the centre of the paper ; place the protractor on it near to 
the bottom of the sheet ; lay off the right-hand angle to the right, and the 
left-hand angle to the left of the centre line ; rule pencil-lines, radiating 
from the point over which the centre of the protractor has been placed, 
to the points that has been laid off; then place the paper on the plan or 
map, and move it about until the three lines coincide with the objects 
taken ; prick through the points that lay beneath the centre of the 
protractor, and the observer's position is transferred to the plan. When 
possible, the centre object should be the nearest. 

Any object whose true bearing is eaat or west must be in the same 
latitude as the place of the observer. 

Any object whose true bearing is north or. south must be in the same 
longitude as the observer. 

3. SpeciaX survey of a small tract of country, with compass and tape 
only. — ^First walk over the ground and examine it, with a view to the 
selection of prominent points for stations, and of a level space for the 
measurement of a base. Having fixed upon a base, AB, set the compass 
up at A and take a round of bearings to B and other selected stations, 
C, D, E, &c. ; then mark A on the field-sheet, in such a position as will 
enable the whole sketch to go on the sheet, and protract the several 
bearings from it. Mark A on the ground with a pile of stones or staff, 
measure the base A B with the tape or by pacing, lay the distance down 
on the field-sheet to the adopted scale, set the compass up at B and take 
a round of bearings to A, C, D, E, &c. These bearings are now plotted 
and their intersections with the bearings from A fix 0, D, E, &c. ; in this 
manner a rough triangulation is established and a number of points fi^ed, 
by the aid of which the detail can be filled in. 

The paper, or field-sheet, for sketching with a prismatic compass 
should have parallel lines at imequal distances ruled upon it, .to be 
considered as east and west lines. 

4. Survey of a plot of ground containing ruins, <fcc. — ^Li making a survey 
with a tape alone we are confined to the simplest geometrical figure— the 
triangle, bs it is the only one of which the form cfiomot be altered, if the 
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sides remain constant. In carrying ont such a survey, divide the surface 
into a series of imaginary triangles as large as the nature of the ground 
win admit of, and attend to the following rules : — 

1. Do not be in a hurry to commence work, but walk over the ground 
and make a rough eye-sketch of it on paper. 

2. Select two points, as far apart as possible, visible &om each other 




9 -f 

A B —Main line. 
^ J ^}— Principal trianglea. 
G c —Tie line. 

and commanding a good view ; let the points be near the boundaries of 
the ground, and so situated that the line joining them forms a sort of 
diagonal ; this becomes the mmn line. 

3. Select a point on each side of the main line, near the boundary of 
the work, to which lines can be measured from each end of it, thus giving 
two large triangles ; then measure a check, or tie line, from one of the 
verticles to a point at or near the middle of the opposite side. 

4. On the sides of these triangles erect smaller ones to embrace all the 
ground to be surveyed.^ 

5. Measure lines from any station laid down, oi fcoiCL vo^ ^^«s\. s:k\^\ss^ 
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connecting two of them in directions most conyenient for obtaining the 
detail^ taking ofEsets to such objects as present themselves. 

The interiors of large bnildings shonld be measured in a somewhat 
similar way by dividing them into imaginary triangles and measuring tie 
lines. 

The great principle in all surveys is to work from a whole to the parts^ 
errors are thus sub-divided and time and labour economised. 

The following symbols are recoromended for adoption : — 

Z's signifies angles. 
A a station in the triangulaticm. 
■© „ fixed by latitude. 
„ „ longitude. 

^ „ „ lat. and long. 

'0- „ „ true bearing. 

E. t. „ „ right tangent. 

Map Pbojeotions. 

Mercator^s Projection, 

On a sheet of cartridge paper, 13 inches by 20, it is proposed to 
construct a map on Mercator's projection, on a scale of 10 miles to an 
inch, equatorial — i,e, 6 inches to the degree of longitude. 

Limits of the Map \ ^^^' '^^''.^Lf^ 

^ i Long. 34° to 36° E. 

Draw a base line, find its centre, and erect a perpendicular to the top 
of the paper ; the extremes of longitude 34° and 36° added together and 
divided by 2, give 35° the central meridian, and which is represented by 
the perpendicular; on each side of it lay off 6 inches, and erect perpen- 
diculars for the meridians 34 and 36; divide the base line into 10-mile 
divisions, and the part from 35° SO' to 36° OO' into miles for the latitude 
scale. 
From Table A, take the following quantities : — 

Lat. 31° to 32° = 1° 10'-4 = the distance between parallels 31° and 32° 
„ 32° to 33°= 1° ll'-l „ „ „ 82° „ 33° 



2° 2r-5 „ „ „ 31°:-„ 33° 
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^Ting thns obtained the distanoes between the leqnlied paiallelH 
dinde the map into sqnarea of 10 miles each way, and the map is ready 
for the projection of the mate. 

Ccmical Prcjectwa. 

The conical projection or derelop- 
ment ia carried out thna : draw a 
(tnught line, A, B, to repredent the 
MDtoal meridian of the intended map, 
ind after having decided on the scale 
im vhich it is to be laid down, set ofT 
iloDg this line A B from the point A 
lalee of eqnal parts, for each 1° or 5°, 
M the size of the ecale may admit 
Aim measnie off from A towards B 
llw distance AC = 57-29578 x length 
ofl°ininDheB x cot. lat-of A. Then 
with C aa a centre and C A as a radius, 
describe an arc nf a circle through 
^ point A, representing the parallel 
of middle latitude, and divide it also 
into equal parts indicating 1° or 5° of 
Imgitodc, each 1° of longitode being 
npial to'l° of lai x cos iat. of A; 
ud from C draw the radiating lines, 
npresenting the meridian throi^h the 
prints laid oS on A E, and also con- 
eantrio circlee throagh the points 
muked off on A B for each 1° or 5° 
for the parallels of latitude. 

For the Bectangnlar Tangential Projection, see a pamphlet with Tables 
pnbUehed hj the Ordnance Survey Department, " On the constmction 
ud nse of murginal eliMt linefl, for the uniform projection of maps in anf 
part of the world." 

17. RuMATiKB OM THH Flanb Table. By Lt.-Col, H. H, Gorwnr- 
Adstbh, f.e.b. 
The FUui9 Tt^e is one of the most useful iaati\uafSD^A^(\«.'i. 
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can take with him,; not of the small^ size constructed in this country, but 
one similar to those nsed in all extended survey operations in India. 
A Plane Table, 2 ft. 6 in. x 2 ft, can be made exceedingly light, of 
good seasoned deal (panelled). The traveller should take two of this 
size, properly projected, with latitude and longitude on a scale of 
8 or 10 miles to the inch, the former of which will embrace an area of 
232 X 184 square miles, leaving an inch margin, although a Plane Table 
can be worked up to the extreme edge. On this scale I have worked 
successfully in Assam and the Naga Hills, and for fixing the position of 
peaks and hills, &c., at long distances it is invaluable. The tripod-stand 
is available for the other instruments, but this even is not required on 
all occasions, as a temporary tripod-stand can be made in a few minutes 
with three sticks tied together in the middle.* Even when the atmo- 
sphere is too hazy to see distant objects, or the traveller is passing 
through a forest-country, traverse work with prismatic compass can be 
projected upon the Plane Table, or the astronomical positions plotted in, 
and the Plane-Table work resumed as soon as circumstances permii 
Better still than using a prismatic compass is to gum a fresh sheet of 
paper by its edges upon ' the Plane Table, and on some convenient 
scale, say 1 inch to the mile, the route can be sketched by back and 
forward rays, and setting the Plane Table by compass. This route-sketch 
can then be reduced and entered on the smaller scale Plane-Table 
section. A far wider area of country is sketched in by this method than 
by the use of the prismatic compass, an instrument which cramps the 
observer (especially a young one), so that the result of such surveys is 
generally a long line of route with nothing on either side, or that little 
confined to a mere mile or two. No error can creep into the Plane-Tablo 
work ; whereas a few errors in recording prismatic compass bearings or 
distances can never be corrected, often never discovered, unless the 
ground is gone over again. The Plane-Table sketch is made on the spot; 
the country is put in as seen by the eye at the time, and when the tra- 
veller reaches camp, or his breakfasting-place, he can ink it in. If he be 
travelling in a dangerous country, where he may have to leave any of his 

* When surveying the Bhutan Himalaya from Darjiling to Funakha, after 
losing my Plane-Table stand in the snow, crossing the Tegong-La, I worked on 
very well with such a stand for several weeks. 
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qnipments, and make for some other place — ^not an nnlikely contingency 
at times— he has only to keep a copy of his work on tracing-cloth, filling 
it in from time to time to carry in his pocket. During the year of the 
Indian Mutiny, when working in the Kashmir Territory, under circum- 
stances that the survey was liable to be stopped at any moment, we fol- 
lowed this plan at Captain Montgomerie's advice, and, had anything 
bappened, not a square mile of country finished would have been lost. 

I do not think that the accuracy of Plane-Table work, or the rapidity 
with which it can be done, is kno^i^ and appreciated in this country. 
To show its accuracy, I once tested it over about 80 miles in direct line 
on the scale of 4 miles to the inch, when carrying the triangulation across 
the Naga Hills &om Assam into Munipur. I worked with a Plane Table, 
and fixed the points on it, at the same time sketching the country and 
it proved wonderfully exact when the triangles came to be computed, 
and the trigonometrical stations projected on it. It does not take longer 
to set up and commence working a Plane Table than to get out a 
prismatic compass. About four times, or more, the number of bearings 
can be taken with the former than with the latter in the same time ; 
while the Plane-Table bearings have the merit of being absolutely true, 
and are all observed and projected together. 

The different value and extent of the work in Afghanistan and at the 
Gape, executed during the late campaigns, shows conclusively the value 
of Plane-Table survey over the prismatic compass. 

As a practical illustration — Working at the same time with an ofOlcer 
of the Quartermaster-G^erars Department on service, making a sketch 
of a fort and cotmtry rotmd, my Plane Table Survey was finished and 
traoed off when he had only begun the plotting in his tent. The run of 
the mountain-spurs around such a position could never have been entered 
on a plan produced from a Eield-Eook. 

Saving of Labour and Time, 

There is no measuring, no counting of paces or noting of time by 
a watch, no anxiety about the record, when Plane-Tabling. Between 
the intervals of setting up the board, the traveller can be botanizing, 
geologizing, or collecting objects of Natural History, and in the evening, 
when he comes in from his work of the day, he can sort and label his 
q;)ecimens and write up his journal, the greater part of which leisure time 
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he would have to give up to the plotting of the day's work, if done with 
Prismatic compass. 

One of the objections often brought against the use of the Plane Table 
is its size and weight.* This would be true if the traveller, withothei 
things to carry, had to carry it himself. My experience in Asia, and what 
I know of Africa, where labour is, as a rule, plentiful and cheap, a Plane 
Table can always be carried by a native of the country, who at the same 
time would take the aneroid and boiling-point thermometers. In India the 
guides often carried the stand. It is seldom that a European is called 
on to carry anything in a tropical country. The Plane Table can be 
made as light as a gun or rifle ; and, reduced in size (2 ft. x li ft.) together 
with a light tripod-stand, could be carried by any lad of 15 or 16, as was 
formerly the method of instruction at the R. M. C., Sandhurst. 

Another objection raised is the possibility of its getting spoilt by wet 
This is very easily avoided. It should slip easily into a waterpooi 
bag, and if used in a very wet climate, such as the Khtei Hills, a srnaD 
waterproof sheet can be thrown over all. After working with it for years, 
and having sketched many thousand square miles of every kind d 
country, from dead level plains to the highest parts of the Himalaya, I 
never got one injured, and I never had one brought in spoilt by any of mj 
assistants. 

There is nothing about it to be broken, or get out of order, the sight-Mc 
is of so simple a construction, any village blacksmith can make one should 
it get lost ; and I once had to do this, cutting out the woodwork myself 
and getting a native workman in the vill^e to make the badk ano 
forward sights out of copper money. The stand is easily repaired 
The traveller should take a spare clamping-screw, and a spare compass. 

The compass-box should be of narrow oblong form, having a perfectly 
plane surface beneath, so as to lie flat on the board, not fixed to th< 
Plane Table (as was done in the Sandhurst pattern). The needle should Ix 
at least 4 inches in length, and the north and south ends of the compass-bo] 
should have an arc graduated a few degrees on either side of the centra 
line. At the first station where the Plane Table is set up and adjusted b] 
the surrounding projected x)oints or the first rays taken, the Gompass-bo: 
is to be placed on some convenient part of the Plane Table, and movec 
until the needle points exactly to the centre division of the graduated an 
A pencil line should then be drawn along one side of the compas8-bo3 
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against which line it will always have to be laid when setting up the 
Plane Table by it. 

But here I may call attention to another strong point' in &Tonr of the 
• Plane Table, and that is that it can be nsed qnite independently of the 
compass, in places where local attraction is great, and where, as I have 
oft^i found, the magnetic needle is quite nnreliable, throwing the Plane 
Table out many degrees, an error which would not be discovered if 
working with a prismatic compass. With three fixed points on the Plane 
Table, it can be fixed in its true position by interpolation.* But this 
method should be resorted to as little as possible; the Table should be 
set up, wherever possible, on rays taken from previously fixed stations. 

On the method of Training a Traveller to ttse the Plane Table. 

The best method of instruction for the traveller proceeding to any 
country who wishes to bring back good work, rapidly done, would be to 
give him say, in the South of England, some two counties to survey on 8 
miles to the inch, or better, on 4 miles to inch, with no other instru- 
ment than such a Plane Table as used in the Indian Survey, a sight-rule 
and a compass. With the Lat. and Long, of two or three points pro- 
jected on it — ^these should of course be commanding positions, 15 to 20 
miles apart, visible from one another, he should be able to produce an 
excellent map of all the principal rivers, roads and coast-line. I give in 
detail the method to be followed, and we may select for example the 
counties of Surrey and Sussex, and suppose the traveller in this immediate 
neighbourhood, his camp at Dorking, and his line of route west towards 
Guildford and Famham, should select as starting points Leith Hill and 
Si Martha's Chapel, about eight miles apart, which form an excellent 
base. We may assume that the Latitude and Longitude of each is already 
determined and projected on the Plane Table, or we may, supx)osing there 
18 no time to do so, take from the scale of miles on the Plane Table a 
distance as near as can be estimated of the one from the other, and lay 
this down in a convenient part of the Plane Table with reference to the 

♦ Vide Instructions for Topographical Surveying, by Sip Andrew Wangh, in 
the * Manual of Surveying for India,' by Col. H. L. Thuillier, O.S.I., R.A. This 
paper may also be read with advantage. 'Military Map Making,' by Captain 
Hbldioh, B.E., Jour. Boy. U.S. Inst, vol. xzii., 1878, p. 977. 
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area to be mapped, indicating each station by a pin-hole "with a small 
circle drawn round it, which should be inked in, and I should recommend^ 
as a good scale for a beginner, the h inch or 2 miles = 1 inch, but for actual 
work in the field 4 miles = 1 inch is the best scale. This will take in 
2668 square miles, with an inch margin all round, i.e. 58 miles x 46 miles. 
Proceeding to Leith Hill the edge of the sight-rule is laid upon this base- 
line and directed to St Martha's Chapel, selecting some part of the top of 
the hill through the telescope, where the Plane Table can be set up in 
the most adyantageous spot to see the stations that are to be afterwards 
laid down on the Plane Table from thence. When this spot is accurately 
intersected by the sight-rule, damp the Plane Table, and then select the 
next main stations of observation for the Plane-Table triangulation. 
Thus the most conspicuous points for further extension will be Hind 
Head, Hascombe Hill, Booker's Tower at Guildford, a point on the Chalk 
Downs above Wotton, Box Hill, and Eeigate Beeches, and on the fax 
South Downs three or four conspicuous points are visible near Worthing. 
Having most carefully taken these rays, place the compass near the side 
of the Plane Table, and when steady, pointiug due north and south, 
draw a line round the box and record the name of the station, this 
should be repeated two or three times to see if the needle always returns 
to the same point The compass should always be tested at all principal 
Plane-Table stations, and any variation of the compass ctm thus be 
detected. Bays must then be taken to church towers, villages, con- 
spicuous trees, &c., and their names, as taken from the guide, recorded in 
the Field Book in consecutive series, the numbers being written on the 
Plane Table across the ray — thus 2/4. Only a portion of the ray should 
be drawn, about half an inch or an inch in length, at the estimated 
distance, of the object intersected ; for it is very easy to extend such a 
line afterwards if the estimate be wrong. Symbols are very useful upon 
these pencil lines : thus, a circle for top of a hill, = for a village, + church, 
D fort,&c., a hill-top or a mountain-peak should have its outline sketched 
on the Plane Table, its apex on the ray, which will aid the memory very 
greatly when it is seen again from a second station. Before leaving Dorking 
the traveller would ascend Box Hill, and, setting his Plane Table by the 
ray he took from Leith Hill, he would fix the selected station above 
Beigate, and the intermediate points and clumps of trees on the same 
chalk ridge, and he would get in a number of villages lying to the south 
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and south-east, which would give him farther information, the source of 
the Eiver Mole, and a great deal of the country for 8 or 10 miles ; he 
would even get approximately the position of the South Downs on the 
coast. On his march to the next camp, near Albury, he would ascend to 
the points he had selected above Wotton, and thence he would get a 
great deal of detail in the valley he was about to pass through, and, as 
now from any open point on the line of his route, wherever he could see 
the tower on Leith Hill, St. Martha's and Box Hill, he would set up the 
Plane Table by compass and get his i)osition by the intersection of rays 
from those points. Should the Plane Table not be in true azimuth, the 
interpolated rays will form a small triangle, and the board must be very 
slightly moved until they all meet in one point. He will have fixed by 
this time Ewhurst Windmill, which will give him another good point. 
From Albury he would go at once to the top of St. Martha's, the western 
end of his base, and, setting up the Plane Table by Leith Hill, intersect 
Hind Head and Wotton stations and Hascombe Hill, and select his 
forward stations on the Hog's Back, near Puttenham, Crooksbury Hill, 
GsBsar*s Camp, and on the north-west one on the Fox Hills, and St. George's 
Hill near Weybridge, he will get good intersections to the rays on the 
South Downs from a base of nearly 10 miles ; he will get a multitude of 
rays on his Plane Table, which he will intersect for his next forward 
station on the Hog's Back, and when he descends on to the low ground 
he will always be able to determine his position from Leith Hill, Hind 
Head, St. Martha's, &c. It is hardly necessary to add that, from Hind 
Head and some point on Chobham Ridges and Caesar's Camp, he will be 
able to extend this Plane- Table triangulatfon across Hampshire into 
Wiltshire, and, having worked up towards the edges of his board, he has 
only to project some of the stations upon his second Plane Table and he 
can then carry his work with very great accuracy into Devon and Corn- 
wall, and, if he eventually got down south by the coast through the 
Weald, he would always be able to fix his position from the points on the 
north. On the South Downs he will have rays that will set his Plane 
Table without recourse to compass, and sketch in the whole line of the 
coast. Supposing his original base to be not absolutely accurate, he can 
on some convenient level ground fix the ends of a base and measure the 
same, or obtain by astronomical observations the Latitude and Longitude 
of two or three positions. 
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In carrying out this kind of work care alone is necessary, and in some 
very small points. The edge of the sight-rule must be very true and 
parallel to the line of the back and forward sights. These again must be 
perpendicular, so that the hair in the front sight must intersect a 
distant object both at the top and bottom, the coUimation error is then 
got rid of. The table must be set up leyel. The pencil must be sharp, 
and held perpendicularly, so that the ray drawn is at the same distance 
from the edge of the sight-rule as the station dot. If this is not attended 
to of course a good deal of error may creep into extended work. The 
triangles should be as symmetrical as possible, the angles not less than 
30° or much oyer 90°. 

Plane Tables used in the Indian Survey Department. 

A. View of under part of the Plane Table, showing the brass plate in 
the centre with socket-screw, counter sunk and fixed by screws. 

The Board should be one inch thick, of well seasoned wood — deal is 
the lightest — two bars are attached across the grain to prevent warping, 
fixed by one screw in the middle, with two at each end working in a long 
hole so as to allow of expansion and contraction. The screws should be 
bevelled at the shoulder, and a slip of brass should be placed between the 
shoulders of the screw and the wood to prevent counter-sinking. 

B. View from above, as placed on the tripod-stand, with compass box 
in position. The stand is similar to those used for the Photographic 
Camera, having folding legs and a triangular top of wood with a hole in 
centre for the clamping-screw C to pass through. A solid tripod-stand, 
as shown in E, is however the best, and can be made very light and 
strong, and it can be used when observing with the Theodolite. 

D Is the sight-rule— as long as the Plane Table— and packs inside the 
waterproof case. The back sight has a narrow slit cut in it ; the fore 
sight has a wider slit, with two small holes above and below. to receive 
the horsehair or fine wire, which is easily adjusted by little pegs of wood. 
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18. Table fob Rough Tbiangulation without the usual Iitotbuments 

AND WITHOUT CALCULATION. By FbANOIS GALTON, P.B.S. 

A traveller may ascertain the breadth of a river, or that of a valley, or 
the distance of any object on either side of his line of march, by taking 
about 60 additional paces and by making a single reference to the Table 
on page 118. 

Suppose he is travellingfrom A to Z (Fig. I., p. 118), and wishes to learn 
the distance from A to C ; and, it may be, also the angle A. Let him as 
follows (referring now to Fig. II.). 

1. Leave a mark at A. 2. Walk 10 paces towards Z, and make a mark, 
calling the place m, 3. Walk back to A. 4. Walk 10 paces towards C. 
6. Walk to m, counting the paces to the nearest half-pace. (This gives 
the measurement of the line a (Fig. I.), which is the chord of the angle 
A, to radius 10.) 6. Walk 80 paces towards Z ; make a mark, calling the 
place n, 7. Walk 10 paces towards Z, calling the place B ; this completes 
100 paces from A. 8. Walk 10 paces towards C. 9. Walk to w, counting 
the paces to the nearest half-pace. (This gives the line 6, which is the 
chord of the angle B, to radius 10.) 

Now enter the Table with a at the side and h at the top, and read off 
the distance A C, and the Angle A if also required. 

If the Table be entered with I at the side and a at the top, it gives B C 
(and B). 

Of course the nnits need not be paces : feet, furlongs, miles, hours' 
journey, or anything else will do as well ; and the units of A B need not 
be the same as those of a and 6. Also any multiple or divisor of 100 for 
A B may be used, if the tabular number be similarly multiplied. 

Examples. 



a 
(in paces). 


(in paces). 


AB. 


AC. 


Angle A. 


BC 


Angle B. 


5 


6i 

1 
1 


loo paces 

50 miles 

100 paces 

iocx> paces 


67 paces 
ij\ miles 

68 paces 
680 paces 


/ 

28 58 
38 58 
6j 22 
6j 22 


5J paces 
26i miles 
92 paces 
920 paces 


/ 

31 56 

31 56 
41 
41 



Particular care must be taken to walk in a straight linS from A to B. 
It will surprise most people, on looking back at their track, to see how 
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VOLUME OF A RIVER. 119 

curved it has been, and how far B w is from pointing truly towards A. 
It is important to sight some distant object in a line with Z when walking 
towards it. • 

The triangle ABO must be so contrived that none of its angles are less 
than 30°, or the chords of the angles at A and B will not be found in the 
Table. These cases cease to give reliable results when the measurements 
are rudely made, and have therefore been omitted. 

Should a traveller have no Tables by him, he can always protract his 
measurements to a scale on a sheet of paper, or even on the ground, and 
so solve his problem. K real accuracy be aimed at, it is clear that it may 
be obtained by careful measurements of the base and chords, combined 
with a rigorous calculation, as was first suggested by Sir George Everest, 
formerly Surveyor-Gteneral of India. (See ' Joum. E. Greog. Soc.,' 1860, 
p. 122.) 



19. Mbasubbment of the Nxtmbbb of Cubic Feet of Water oonvbted 

BT A BiYBB m each SeCOND. 

The data required are — the area of the river section and the average 
velocity of the whole of the current. All that a traveller is likely to 
obtain, without special equipment, is the area of the river-section and the 
average velocity of the surface of the current, which is less than that of 
its entire body, owing to frictional retardation at the bottom. 

To make the necessary measurements, choose a place where the river 
runs steadily in a straight and deep channel, and where a boat can be 
had. Prepare a few floats, of dry bushes with paper flags, and be assured 
they will act. Post an assistant on the river-bank, at a measured dis- 
tance, of about half the estimated width of the river, down stream, in face 
of a well-marked object. Bow across stream in a straight line, keeping 
two objects on a line in order to maintain your course. Sound at 
intervals from shore to shore, fixing your position on each occasion, by 
a sextant-angle between your starting-place and your assistant's station, 
and throw the floats overboard, signalling to your assistant when you do 
80, that he may note the interval that elapses before they severally arrive 
opposite to him. Take an angle from the opposite shore, to give the 
breadth of the river. 
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To make the calculation approximately, protract the section of the 
river on a paper ruled to scale in square feet, and count the number of 
squares in the area of the Bection. Maltipl; this by the number of feet 
between you and the assiBtant, and diyide by the nnmber of seconds that 
the floats occupied, on an average, in reaching bim. 

Important rivers should always be measured above and below their 
confluence; for it settles the question of their relative aizee, and throws 
great light on the rainfall over their reepectiye basinB. The eectiont^ 
area at the time of highest water, as 8hown by marks on the banks, and 
the slope of the bed ought also to be ascertained. 

EXAKPLB, 
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By protracting the data on the first two lines, on ruled paper as 
described above, it will be found that the area of the section is S260 feet 
er thereabouts; this, multiplied into 150, gives 489,000 cubic feet of 
water as the contents of the river at any given moment between the line 
of soundings and the assistant. As this amount passes by in 38'4 seconds, 
the number of cubic feet per second is the former number divided by the 
latt«r, which gives 12,734. 

It must be distinctly understood that this number is only roughly 
approximative, and that it is excessive. However, with the above data, an 
engineer wonld be able to make a somewhat better calculation. In the 
meanwhile, the traveller might consider the Sow of the river in queeticm 
to be between 10,000 and 13,000 feet per second. 
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20. On Obsbbvations with Theodolites ob Altazimuth Instbuments, 
By Lieut-General J. T. Walkeb, o.b., f.b.s., b.b., Surveyor General of 
India. 

In the opening pages of these Hints, lists of instruments have been 
given which travellers of little experience are recommended to provide 
themselves with, and the sextant has been more particularly recommended, 
as the traveller will have opportunities of practising with it under the 
tuition of the officers of the ship which is conveying him to his destination. 
The suitability of this instrument for observations, both on land and sea, 
is thus a great advantage for any person who has not had. an opportunity 
of leami? g the use of his instruments before starting on his expedition; 
and should he not have a sufficient knowledge of the methods of reducing 
the observations and calculating the results, he will find the simplest and 
easiest rules for his guidance in the several works on navigation, which 
are. specially written for the reduction of observations with sextants by 
persons possessing little or no knowledge of the principles on which the 
rules are based. The inexperienced traveller can scarcely be expected to 
attain much accuracy in his observations and reductions, but should he 
explore unknown regions, he may be able to acquire valuable information, 
the immediate interest of which may be very considerable ; bat his work 
will necessarily be of a preliminary nature, and be liable to be largely 
corrected, or altogether superseded, by the operations of subsequent 
explorers. 

But the extent of the regions of terra incognita in which inexperienced 
travellers can operate with the greatest advantage is constantly ^becoming 
more and more narrowed and diminished, and geographical science now- 
a-days frequently requires that the rough outlines which have hitherto 
sufficed for her purposes, should not only be amplified and filled in, but 
rectified by more exact and reliable observations. The traveller must, in 
snch cases, be provided with an instrument of greater capabilities than 
the sextant, and he should have thoroughly learnt the use of this instru- 
ment and the method of reducing the several kinds of observations which 
may be made with it before he commences operations. If he has no 
better instruments nor greater skill than his predecessors, his results may 
differ widely from theirs, but they will not be more worthy of confidence, 
and, while causing much perplexity and inconvenience to geographers^ 
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they will only exhibit with certainty the degree of uncertainty that is still 
attached to tiie problem under investigation. 

An altazimuth instrument — or a theodolite possessing a complete yertical 
circle as well as a horizontal circle — is in many respects superior to a 
sextant. 1st, it measures horizontal angles directly, thus avoiding the 
labour of reducing oblique angles to the horizon; and a round of seyeral 
angles can be measured with far less trouble than with the sextant 
2ndly, it measures small vertical angles of elevation or depression of 
objects which frequently could not be seen by reflection from a mercurial 
horizon for the measurement of the double angle by a sextant. 8rdly, its 
telescopic power is usually far higher than that of a sextant. 4thly, it 
may be so manipulated as to eliminate the effects — without in the first 
instance ascertaining the magnitudes — of certain constant instrumental 
errors, such as excentricity, coUimation, and index errors. And 6th]y, 
the influence of graduation errors may — when great accuracy is required 
— be reduced to a very considerable extent by systematic changes of 4he 
zero settings of the horizontal circle. 

The disadvantages of the altazimuth instrument as compared with the 
sextant are its greater cost and bulk and weight ; but in many instances 
these disadvantages will be more than counterbalanced by its superior 
capabilities. 

Messrs. Troughton and Simms have favoured me with the following 
details regarding the cost, weight, and telescopic powers of these instru- 
ments as constructed by themselves : — 



InRtrument. 


Weight of 
with Box. 


Weight 
of Stand. 


Price. 


Telescopic 
Powers. 


Readings of 
Verniers. 


Details. 


"j-lnch (radius) sextant 
Artificial horizon 

4-inch (diameter) tran-*) 
sit theodolite .. ../ 

5~tncn f« }f • • . . 

6-inch MM .. .. 


lbs. 

•7 
5toio 

25 
31 


lbs. 

9 

10 
10 


£ s. d. 

12 

2J 

32 10 
40 


5 to 10 

9 »» 12 

12 „ 15 
12 „ 18 


10" 

I' 

30" 
20" 


rWithout transit azl 
I level, and lamp. 
rWith transit axis 
I level, and lamp. 
Do. 



The Messrs. Casella construct certain very light and cheap altazimuth 
instruments, with 3-inch circles, power 6, weight with box 4 lbs., weight 
ofataxtd 8k lbs. divided to V, price under 201, 
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For astronomical observations the sextant is decidedly preferable to very 
small altazimuth instruments^ but the latter are to be preferred for the 
measurement of horizontal angles and small elevations or depressions. 

The traveller must necessarily adapt his equipment to his require- 
ments and the facilities he will possess for carrying his instruments about. 
He may find it convenient to employ a sextant for astronomical, and a 
very small light altazimuth for terrestrial observations. But, whenever 
practicable, an altazimuth of moderate size, which may be used as a 
universal instrument, would undoubtedly be the most convenient and 
satisfactory. 

The insianiment which I would recommend for astronomical explorations, 
as being, well adapted for astronomical and for terrestrial observations 
and not very bulky, is the 6-inch transit theodolite by Messrs. Troughton 
and Simms : several of these have been used in explorations connected 
• mUh the operations of the Great Trigonometrical Survey of India, and 
have given great satisfaction, being sufficiently accurate for all desirable 
purposes, and not too heavy to be easily carried. These instruments 
are adapted for determinations of time and longitude by the method of 
zenith distances, and also by that of meridional transits ; the former being 
leet suited for the traveller when he can only devote a few hours to the 
operations, the latter when he is halting for a long time at one place : 
the two methods lead to strictly independent results, so that when both 
are employed they serve to check each other. The instrument is also 
veil suited for latitude and azimuth observations ; in fact it can be em- 
ployed in any of the investigations which an explorer may have to under- 
take by means of astronomical observations. On the other hand, as an 
instrument for the measurement of terrestrial angles, whether horizontal 
or vertical, it is very valuable, and far superior to any sextant, not only 
being more conveniently manipulated, but possessing telescopic powers 
Which permit of the detection and identification of objects that would 
often be sought for in vain with a sextant. 

Trigonometrical operations are, as a rule, far simpler and more easily 
reduced, and lead to more accurate results than astronomical observations. 
A continuous triangulation, or a traverse with measured angles and 
distances, is necessarily impossible when the explorer has to pass through 
a country very rapidly ; but he may frequently remain for several days 
at one place, and may then have opportunities of greatly extending the 
scope of his operations by executing a trianguMiioTx. ^M\re«ea\ssss^ Xf^X*^ 
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in Tiew of a range of hills which he may not have an opportunity of 
exploring; distant say 50 to 100 miles ; he may have already endeavonied 
on his line of march to fix points on the range by beanngs^ but from fhfi 
absence of prominent landmarks has found a difficulty in identifying the 
points observed; and thinks he may have mistaken one hill for another 
in consequence of their changes in appearance as viewed from podtioos 
at some distance apart. If, during his few days' halt; he can manage to 
do a Little triangulatioU; he may fix the general outlines of the entire 
range relatively to his halting-place with very respectable accuracy. He 
has first to measure a base and determine by triangulation the podtioos 
of three stations lying in a direction nearly parallel to that of the range, 
and at distances of 2 to 5 miles apart ; then at each of these stations he 
must measure the angles between the other stations and a series of points 
on the entire length ot the range ; * though no very prominent landmarkB 
may be visible, still the telescope will show a number of objects — ^treefl, 
masses of rock, and peculiarities of the ground — sufficiently clearly to 
I)ermit of their being recognised at stations of observation which are so 
close to each other; and though the triangles will be very acute-angled, 
the angles may easily be measured with sufficient accuracy to give the 
distances of the points on the ranges from the stations of observation with 
a small percentage of error, whenever the marks are fairly identified; and 
as there will be two triangles to each point, and, therefore, double values 

* He should make a sketch of the outline of the range in his book of observa* 
tions; and as he will probably be unable to ascertain the names •f the hill 
summits at such a distance from them, and many of them may have no names^ 
he had better nimiber them in the order in which they are observed, and refer tu 
them always by these numbers, until he can confidently replace a number by A 
name. Exaggerated sketches of the outlines of the objects intersected by the 
telescope are frequently of use to faciUtate identification on proceeding to the 
next station. 

The positions of places situated within or beyond the range of hills, whioh are 
invisible to the traveller, but are known to his native guides and assistantSk may 
frequently be determined by making a native point the theodolite, as a gun, in 
the direction of the place, and state its distance beyond or on this side of the 
range. The guides will often be found to possess a remarkable knowledge of 
locality, and 1 have frequently known the independent pointings of different 
men towards distant invisible objects to coincide together very (dosely, as was 
shown by the readinga of the azinmthal ciicle. 
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of the side common to both triangles, any migtakes — ^whether of identity, 
or of reading, or calculation — will be at once shown np. 

The 6-inch transit theodolites of the Indian Survey which have been 
used in military expeditions and explorations are specially provided with 
a pair of micrometers in the eye-piece of the telescope, for tJie purpose of 
measuring small angles, and more particularly those subtended by objects 
of known dimensions, by means of which the distance between the object 
and the observer is readily deduced. The system of micrometers is mov- 
able through an angle of 90°, so as to permit of the measurement of either 
a horizontal or a vertical' object. With the aid of this appliance, the 
instrument can be employed in carrying on a traverse without using any 
direct measuring apparatus, such as a chain or perambulator, the distances 
to the back and forward stations being determined by measuring the 
angles subtended by poles of known length, which are set up at the 
stations. In hilly and broken ground, in crossing rivers or other obstacles, 
and generally wherever a direct measurement is impracticable, this method 
of procedure is most convenient. It was adopted by Captain Carter, e.b., 
in his survey — with one of these instruments — of the line of country 
IMSsed over by the British army in the Abyssinian expedition. Captain 
Garter carried a traverse from Adigerat to Magdala, a distance of nearly 300 
miles, without any break of continuity, the daily rate of progress averaging 
6 miles, and being occasionally as much as 8 miles. The difference of 
latitude between the origin and terminus as determined from these opera- 
tions only differed by about a quarter of a mile from the value determined 
astronomically. 

Whenever a halt occurred in the movements of the army, the instru- 
ment was used as a theodolite in triangulating, to fix the positions of all 
hills and other prominent objects around the halting-place ; it was also 
used for various astronomical observations.* 

♦ These instruments being furnished with a pair of micrometers, which can be 
used either horizontally or vertically, are all the more valuable for astronomical 
observations ; for the micrometers give two additional wires over which the stars 
may be observed, and these wires can be set at pleasure to any distance from the 
fixed wires in the diaphragm which may be best suited to the rate of movement 
of the star. For pairs of observations — face right and face left — ^no reductions to 
the centre wire are necessary ; and thus greater accuracy is obtained with very 
ab't^ht additional trouble of observing, and still less of computing. 
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BemarJcs on the Manipulation of Altazimuth Instruments, 

Observations *with these instruments should always be made in pairs, 
with the face of the vertical circle alternately to the right and left of the 
observer. TJius, supposing that in the first observation, or round of 
observations, the face of that circle is to the right of the observer, the 
telescope should be immediately afterwards moved through 180° in 
azimuth, and turned over in altitude, which will bring the face of the 
circle to the left of the observer, and then a second observation, or round 
of observations, should be taken; the mean of the two measures, fsice 
right and face left, will be free from collimation, index, and other instru- 
mental errors. 

In measuring horizontal angles between objects of nearly the same 
altitude, as landmarks not much above or below the horizon, a change of 
face is not absolutely necessary, and may be dispensed with if the observer 
is hurried ; but when such angles are measured between objects of very 
different altitudes — ^as a terrestrial referring mark and a star — ^and when- 
ever altitudes are measured, whether of terrestrial or celestial objects, the 
observations should invariably be taken in both positions, alternately 
" face right " and " face left," and the final result deduced from the mean, 
in order that the instrumental errors may be eliminated. There is no 
necessity to determine the magnitude of these errors, as in the sextant ; 
in an instrument which has to travel far over bad ground the adjustments 
are liable to alter from time to time, but they are not likely to alter in 
the interval between two consecutive observations, and the errors arising 
therefrom will be eliminated in the mean of the pair. 

In what follows regarding astronomical observations with these instru- 
ments, a complete observation will be understood to imply the mean of 
a pair of obseiTations, one with face right, the other with face left, t^ken 
continuously without any considerable pause between them, the entire 
operation being considered as one observation. 

Determinations of Time, Azimuth, Latitude and Longitude, with a Transit 

Theodolite. 

The transit theodolite may be employed either as a transit instrument 
or as an altazimuthal instrument; it is adapted for all astronomical 
obsorrationy, excepting those of " lunar distances," which can only be 
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perfonned by a sextant or a reflecting circle, and occtdtations, which 
require larger telescopes. 

Thus a description of each of the various kinds of observations which 
can be made with transit and altazimuth instruments, with full details 
of the methods to be employed in the corresponding reductions, would 
fill a volume, and be much more than is required for a book which merely 
purports to give hints to travellers. Those who wish to learn full 
particulars of each of the several methods of observation, and of the 
reductions, cannot do better than study Chauvenet's * Spherical and 
Practical Astronomy,' which is one of the most valuable works on the 
subject in the English language : it gives ample instructions for observa- 
tions of all kinds, the rudest and most hurried, as well as the most 
refined and elaborate, and it supplies corresponding formulse — approxi- 
mate as well as rigorous — ^for the reduction of the observations. 

As these HiQts are merely intended to indicate the simplest and most 
expeditious methods by which a traveller who is able to carry a suitable 
altazimuthal instrument about with him can take the astronomical 
observations which are essentially necessary for his geographical explora- 
tions, they will be restricted to determinations of time, latitude and 
longitude, by the measurement of zenith distances, and of azimuths by 
horizontal angles; formulsB — some approximate but all sufficiently 
rigorous for the purpose, and adapted mostly from Chauvenet — ^will also 
be given, for the reduction of the observations. 

Latitude Observations, the tiTne being unknown. — The instrument being 
duly levelled and brought approximately into the meridian, set the 
telescope on any star — or on the sun — ^when approaching culmination, 
and follow it until the maximum altitude is reached ; take the zenith- 
distance reading on the vertical circle, change face quickly, and make a 
second observation ; the mean of the two will be a " complete observation " 
of zenith distance. Two or three pairs of observations may be taken to 
circumpolar stars, as their zenith distances will not alter sensibly during. 
an interval of a quarter to half an hour ; for other stars the observations 
should be restricted to one pair, and stars should not be observed when 
within 25° of the zenith. A single pair of observations with the 6" 
transit theodolite should give a determination within 20" of the truth ; 
greater accuracy may be obtained by observing additional stars, more 
particularly when the stars are selected so as to form pairs of nearly 
equal distaoice from the zenith, north and souWi. 
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Latitude Observations, the time being known, — (1.) Observe the zenitli 
distance of the Pole-star in any position, and reduce to the meridian bj 
the tables in the * Nautical Almanac/ 

(2.) Take circum-meridian observations of the zenith distance of anj 
star, alternately face right and face left, and note the time of each obser- 
vation; compute the reduction of the zenith distance at the time o: 
observation to the distance on the meridian, and take the mean of the 
reduced results as the determination of the meridional zenith distance 
Three or four pairs of observations may generally be made in successioi 
to the same star; but the nearer the star is to the zenith the mon 
accurately should the times be known — it is not desirable, therefore, t( 
observe stars within 10° of the zenith. Here, too, pairs of north and soutl 
stars of nearly equal zenith distance will give the best results. 

Time, — Take pairs of observations of the zenith distance of a star 
noting the chronometer time of each, and adopt the mean of the times a< 
the time corresponding to the mean zenith distance, with which, the 
latitude of the place, and the star's declination, the star's hour angk 
must be computed by either of the well-known formulsB : thus the local 
time and the chronometer error will be determined. For these obser- 
vations stars are most favourably situated which are easterly or westerly 
and not very near either to the horizon or to the meridian ; and greatest 
accuracy is obtained when two stars are observed at nearly the same 
altitude, one to the east, the other to the west. With a pair of obser- 
vations the chronometer error should be determined within 1 second 
when a 6" transit theodolite* is used. 

Longitude. — Take pairs of observations of zenith distance, face right 
and face left, on a star, for the determination of local time and chrono- 
meter error ; then take other pairs of observations of zenith distance on 
the moon ; in each instance adopt the mean of the chronometer times as 
the time of the " complete observation " of zenith distance. Both moon 
and star should be as nearly easterly or westerly as possible, and always 
materially nearer the prime vertical than the meridian ; and they shotdd 

* At a trial of one of these instruments for the Indian Survey, the results of 

six pairs of observations on east and west stars fell within an extreme range of 

• 4 of a second of time ; the stars were, however, observed on the wires of the 

two micrometers, as well as on the fixed wire of the diaphragm. (See footnote, 

pag-e 125.) 

L 
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be sufficiently above the horizon to prevent the observations being 
sensibly affected by errors of refraction. The operations thonld com- 
mence and close with star observations, for time and chronometer rate. 
The effect of instrumental errors will probably be sensibly reduced when 
the star and the moon are on the same side of the meridian, and nearly at 
the same zenith distance. If time permits, observation should be taken 
both east and west of the meridian-; and both before and after full 
moon. 

The best time for observing the moon is when the direction of the 
resultant of her motion in right ascension and declination is pointing 
towards the zenith of the observer. 

The sidereal time when this occurs may be readily found, graphically 
by drawing on a chart of the heavens a tangent to the moon's orbit, at 
some point near its mean position on any given day, and producing the 
tangent to cut the declination circle passing through the observer's 
zenith; then the hour circle passing through the point of intersection 
gives the sidereal time of observation. It will ordinarily suffice to drop a 
perpendicular from the point indicating the moon's position on the 
ecliptic, and draw through that point a line at right angles with the 
perpendicular to cut the declination circle. It will be found that the 
most favourable time occurs when the moon is near the prime vertical, 
and the least favourable when she is near the meridian. In north 
latitudes the moon is most favourably situated when west of the meridian 
if her motion in declination is from south to north, and when east of the 
meridian if the motion in declination is from north to south. 

A few observations taken daily on several days are preferable to several 
observations on a single day. 

Azimuth^ time and latitude being unknovm, — Observe the angles between 
a referring mark * and a star, when the star is at the same altitude east 

♦ A good referring mark may be made of a cross with a hole of J to J an inch 
in diameter in the centre, to which observations can be taken by day and by 
night, being rendered visible at night by a bull's-eye lantern placed behind the 
hole and directed to the observer. The stem of the cross should be vertical, and 
driven firmly into the ground. The distance from the station of observation 
should be at least half a mile, and the station should be marked by a pin driven 
into the ground, over which the theodoUte must be carefully centered whenever 
set up for horizontal observations. 
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and west of the meridian ; seyeral pairs of observations may be taken at 
consecutive altitudes, half with face right and half with face left Or the 
angles may be measured between a referring mark and a Gircmnpolar 
star at the times of its maximum elongations east and west. The mean 
of the two angles at opposite positions gives the angle between the star 
and the meridian, and thence the azimuth of the referring mark, without 
any calculations whatever. In the first case, however, an interval of 
several hours must be allowed to elapse between the observations east 
and west; and as twelve hours must necessarily elapse between the 
opposite elongations of a circumpolar star, few stars will ordinarily be 
visible at both elongations. 

It may therefore be desirable to adopt a third and more expeditious 
method, as follows: — Measure the angles between the referring mark and 
two circumpolar stars at their respective elongations, selecting stars which 
are nearly in opposition or nearly in conjunction, and will attain their 
maximum elongations at nearly the same time, that the observations may 
be completed quickly ; then, with the observed value of the angle between 
the stars, and the given declinations of the stars, the azimuths of both 
may be readily computed, as shown at page 135. 

Azimuths, latitude being known* — Observe the angle between the re- 
ferring mark and a circumpolar star at maximum elongation, and compute 
the azimuth of the star. To stars near the pole two or three pairs of 
observations, face left and face right, may be taken before the star moves 
sensibly from the position of maximum elongation. 

Azimuth, latitude and time being known, — Any star may be observed in 
any position, but the best results will be obtained when a circumpolar 
star is observed at a short distance from the elongation; the angle between 
the position of the star at the observation and at the elongation may be 
computed by the formulae at page 135. 

Azimuth, latitude and starts altitude being known, — Observe the angle 
between the referring mark and an east or west star, and measure the 
vertical angle of the star simultaneously by observing the star at the 
intersection of the horizontal and vertical wires of the theodolite, change 
face and repeat the measures of the horizontal and vertical angles, taking 
the mean of each as a " complete observation." The star should not be 
at a high altitude; it should be situated near the prime vertical, and 
rather on the side towards the apparent pole than on the opposite sida 
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This method is extensiyely practised in the Indian Surveys for the 
determination of verificatory azimuths for revenue surveys, for which it 
has been found more convenient than any other method. The observa- 
tions are usually taken between sunset and dark, when there is sufficient 
light to dispense with lamps for illuminating the wires of the telescope 
or indicating the referring mark ; a lamp to illuminate the graduations 
of the circles is, however, generally necessary. 

General Remarks, — The observed zenith distances should always be 
corrected for refraction; barometer and thermometer readings should, 
therefore, be taken during the observations, for the better determination 
of the refraction. When no barometer is at hand, the height of the 
station of observation should be given, as deduced by the boiling point 
or otherwise, or even approximately estimated. It may be well to 
remember that in determining latitude, errors of refraction may be 
eliminated by observing pairs of north and south stars of the same 
zenith distance. 

Formulce and Examples, 

Latitude hy Circum-meridian Observations of a Star* 

Let be the true latitude, C the true zenith distance on the meridian, 
C^ the observed zenith distance corrected for refraction, 8 the declination 
of the star,* <^o ^^ approximate value of </>, = 8 =t fo* ^ the hour angle of 
the star. 

PutA = ^^^^f"^andm = -^sin«H» 
sm fo sm i" 

Then f = fo - ^^* ^^^ </> = 8 ± C- 

The values of m are tabulated in Chauvenet's ' Astronomy.' 
Alternative forms of m, ] m = cosec i" versin t. 
adapted for various [ =-00055^, when ^ is given in seconds of time, 
logarithmic tables. J =2t^ nearly, „ „ minutes „ 

Supposing n observations to be taken, then, since A is constant. 



C = r ^ ^ ^1 + ^2 + + 



rrin 

n 



* When the sun is observed, the declination corresponding to the mean of the 
times of observation should be used. 



132 



HINTS TO TRAVELLERS. 



Example, — Circum-meridian Observations for Latittjde to fi VitSM VtsosaSi 

North of the Zenith. 



Face. 



llight 

lAift 

Kight 

Left 

IMght 



Circle Readings.' 



Alt. 
Z. D. 

N 

Alt. 

z."d. 

«> 
Alt 



Mean Zenith 
Distances 
of Pairs of 

Observations. 



Chronometer. 



35 45 35): ^* ^^ ^ 
J5 47 5 



35 45 

54 10 

54 II 

35 45 

J5 45 JO 

54 lo 



5c} 
X?} 

40/ 

54 10 3o\ 
Z.D. J5 45 50/ 



J5 47 8 
35 47 25 
35 47 40 



H. If. 8. 

14 45 47 

4-7 I 

48 55 

51 JO 

54 31 

56 22 

57 4J 

58 48 

o 18 

2 10 



ri5 



e. 




in Minutes 


«2. 


of rime. 




7*2 


52 


6-0 


J6 


41 


17 


1*5 


2 


1-6 


3 


3'4 


12 


n 


22 


. 31 


1-3 


53 


9-2 


85 



Data. 



H. M. & 

^ of Star .. 14 51 ^ 
Cbron. Error + 

Chron. Time 
of Transit 



51 li 
I 46 



] i4 53 



*0 



=74 46 37 
= 35 48 ^ 

J8 58 31 



Mean .. .. J5 47 23 
Kefractlon .. +42 



Mean 



31' 3 



Co = 35 48 5 
-Am= — 21 



31*3 X 2 =^ 62*6. 



f .-= i5 47 44 «^ = j8°58'5r. 



log COB ^O-* 

log COS 6 . . 
log cosec ^0 

log A 

log 62*6 .. 

log Am 



9-8906 
9-4191 

0'2jl8 



9-5426 
1-7965 



im^ 



For the above formula t should be less than 20 minutes, and ^ greater than to^ 



Longitvde hy Lunar Zenith Distances. 

The local time and the chronometer error having been determined from 
the star observations 

Let Co = the observed zenith distance of the moon's limb. 
= the local sidereal time of the observation of Co- 
Li = an assumed value of the longitude. 
A Li = the required correction of L^. 
L = the true longitude = Lj + A Lj. 
(j) = the latitude. 

Find the Greenwich time corresponding to e and Li, for which take 



8 = the moon's declination. 

TT = the moon's equatorial horizontal parallax. 

S = the moon's geocentric semi-diameter. 



from the 
' Naut. Aim.' 



* The circle readings will be alternately altitudes and zenith distances dt the 
jnilex error of the instrumenti which error is eliminated in the mean of a pair of 
odserrat/ons. 
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Let Si be the moon's apparent semi-diameter, and tti the corrected 
parallax, 

then Si = S + A S, and tti = tt + A tt; 

and the valnes of AS and A tt may be interpolated from the tables below, 
which are abridged- from Chauvenet. 

Also put 5i = 5 + e^ TTi sin </> cos 8, in which log ^ = 7*8244; and let 
r be the refraction for the apparent zen. dis. f ^ ; 

and let fa = f + ^ =*= Sj, 
«^^Ci = C2 - TiSinCa; 

then the hour angle, t, is fonnd from the equation 

sin^ if ~ »^^ ^ ^^1 + (» " ^^)] «^^ ^ K^ " (* ~ ^1)] 

cos </) COS 8i ' 

after which the moon's right ascension, M, if found by the formula 

jlR = e - t. 



Values of A S, always + . 


Value of Air, 


always +. 


Apparent 


Horizontal Semi-diameter. 


Lati- 
tude. 


Equatorial Parallax. 


Zen. Dis. 
of Moon. 


1 ft 
14 JO 


/ It 
15 


1 /' 
15 JO 


1 n 
x6 


1 n 
16 JO 


/ /I 
17 


5} 


1 

57 


f 
61 





n 


n 


n 


II 


1/ 


1/ 





If 


II 


If 





ij-7 


14*6 


IS'6 


i6*7 


17-7 


18-8 





o*o» 


O'O 


CO 


10 


13-5 


14-4 


15-4 


i6*4 


17-5 


i8-6 


10 


o-j 


o-j 


04 


20 


12*9 


ij*8 


14-7 


15-7 


i6*7 


17-7 


20 


1-2 


I-J 


1*4 


JO 


ii'8 


12-7 


iJ-5 


14-4 


15-4 


i6j 


30 


2-7 


2'9 


3'i 


40 


io*5 


II*2 


I2*0 


12*8 


ij*6 


14-4 


40 


4-4 


4*7 


5*1 


50 


8-8 


9*4 


lO'I 


10-7 


II-4 


12*1 


50 


6-2 


6-7 


7-2 


60 


6*9 


T3 


7.9 


8-4 


8-9 


9-5 


60 


80 


8-6 


92 


70 


4*7 


51 


5-4 


5-8 


6-1 


6-5 


70 


9*4 


10*1 


io*8 


80 


2-4 


2-6 


2-8 


3'o 


3-2 


J-4 


80 


lO'J 


11*1 


11*9 


90 


o*i 


©•I 0"I 


o*i 


0*2 


0*2 


90 


io*6 


II-4 


12-2 



The Greenwich mean time corresponding to the moon's M must be found 
from the ' Nautical Almanac ' ; with this and the local mean time a value 
of the longitude is determined, which, however, is a^^xoxissisa^^'^^^sbX.., 
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is computed with an approximate yalne of d depending on the assmned 
longitude. Put La for the approximate value of the longitude which is 
thus determined, and 

put p = the increase of a in a unit of thne ^ ** *^^ Greenwich mean 



andX = 



if 



JR 



it 



time 9f the obserration of 
the moon ; 



also let « = -^ I *^ - *55_» I; 
15 X ( sin t tan t ) 

then ALi = k^lifi, and L = Li + aL^. 

These formulae are demonstrated in Chauvenet, vol. i. pages 383 to 385 ; 
and when several observations have to be reduced, they entail less labour 
of computation than any other formula. 

Example. — In latitude <\> = 38° 58' 53" and assumed longitude Lj = 
5 h. 6 m. west of Greenwich, on May 2nd, 1849, t^e moon being east of the 
meridian, the zenith distance of the moon's upper limb was observed to 
be 57° 47' 28*5", when the local mean time was 5 h. 33m. 21 •6s., and the 
local sidereal time = 8h. i6m. i4'6i s. 



Approximate Greenwich mean time, 

loh. 39m. 21 •6s. 
for which we find from the 
'N.A.' a= + 3°47' 47-6" 
S= 15 16-4 
7r= 56 3*1 



// 



Bar. 30*45 in." 
Att. Therm. 63° F. 



Ext. 



fo = 57 
r= + 



>t 



65° F.-'Sj = + 



47 
I 

15 



28-5 

30-9 
24-5 



and from the tables on page we find 
aS= + 8-1 

A7r= + 4*4 

e^TT.sinc^) + I4-I 

cos 8 ) 

With these values of Sj, f 1, and we find — 



^2 = 58 
— TTx sin f 2 = - 


4 
47 


23-9 
38-1 


fi = 57 


16 


45*8 


Si =2^ 


48 


17 



H. 



M. 



R. 



^=-3 19 53*64; 
but e = 8 16 14*61; 

whence the computed ^ = 11 36 8 '25. 
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The corresponding Greenwich mean time for this valne )^* ** ^o 

of the -^ is J 

The local mean time is .. .. .. ., ,. 5 33 21*6 

Whence the approx. long. La is .. .. .. .. 5 6 27*1 

H. M. 8. /"increase of ^.-H in i = 2*014 = ^• 
For the Greenwich mean time 10 39 48* 7< ,, 

[ „ 8 „ = lo'oi =^. 

Whence a = - 0*3317 ; and since Lg — Lj = + 27* i s., 
A Lj = 40*6, and L = 5 6 40*6. 

FormulcBfor the reduction of AzimiUh Observations, 

(i.) When a star is observed at an elongation. 

Let A be the azimuth, 8 the declination, the latitude. 

Then sin A = £2?--? . 

cos (j) 

(2.) When a star is observed at a short distance from the elongation. 
Let t be the hour angle at the time of elongation^ 

then cos ^ = ^. 
tan o 

Let d t be the diflference between the hour angles at the times of elonga- 
tion and of observation, and d A the corresponding difference of azimuth, 

then tan d A = — 2 sin'* — sec d> cot 8 cosec t ; 

2 

whence if dtis expressed in minutes of time, and k is a constant, 
log K being = * 29303 + log sec </> + log cot b 4- log cosec t, 

dA"= - K(dty. 

(3.) When two stars are observed at their elongations. 

Let their azimuths be Ai and Aj, and their declinations bi and 82, 

then sin A, = ^^^^~ sin Ao. 
^ cos d.2 ^ 
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The value of Aj + Ag or of Aj - Aa is given by the observations, Ai + 
A2 if th€f stars are at opposite elongations, A^ + A2 if they -are at the same 
elongation. Suppose that we have 

Ai =fc Aa = m, 

then cot Aj = cot m ± ^^^ J cosec m, 

cos Oi 

or cot Aa = cot m ± ^^^ J^ cosec m. 

cos §2 

21. Adjustment op the "Everest THBODOLrrB.** 
(Furnished by Captain Pbatt, ejs.) 

It is stated that this theodolite is likely to be adopted into the service 
of the Royal Engineers. It is therefore thought advisable to describe its 
adjustments. 

1. Correction for Parallax. — Adjust the eye-piece to distinct vision of 
cross hairs, and correct for parallax by means of the object-glass screw. 

2. Making the Level of the Hm^lzontal Limb parallel to thai Limb, — Clamp 
the tribrach * to axis, and unclamp the horizontal vernier-plate. Move 
the latter so that the horizontal limb's level may be over, or parallel to, 
two foot-screws. By means of these screws bring the bubble to the centre 
of level. Turn the vernier-plate round 180°, and correct the level's error 
half by the foot-screws and half by the level's capstan-headed screws. 
Turn the vernier-plate back to its original position ; and if the bubble 
is not now exactly in the centre, correct as before. Repeat the process 
till accuracy is obtained. 

3. Levelling the Instrument, i.e., making its vertical axis trvHy vertical, — 
Clamp the tribrach to axis, and unclamp the horizontal vernier-plate. 
Level the horizontal limb's level by the foot-screws. Turn the horizontal 
vernier-plate round 90° and re-level. This will make the vertical axis 
approximately vertical. Then bring the bubble of the vertical limb's 
level to the centre of bulb by the two antagonising screws at bottom of 



* Modem instruments are set on a tribrach, or 3-armed support, at the top of 
the stand, instead of being screwed on to the top of it. This is a great improve- 
ment in many ways. 
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vertical vemier-plate. Turn round 180° ; and if the vertical limb's level 
is disturbed^ correct half of the error by the foot-screws and half by the 
two antagonistic screws. Turn the horizontal plate 9QP, and repeat the 
process till accuracy is obtained. 

If the bubble of the level attached to the horizontal plate is now dis- 
turbed; bring it to centre of bxdb by the capstan-headed screw^ so as to 
make it an index of horizontality. 

4. CoUimation, 

(a) Vertical CoUimation, — ^Unclamp the vertical limb, and make its level 
horizontal by means of the antagonising screws. By means of the vertical 
limb's tangent-screw get the horizontal spider-line to cover some well- 
defined distant point. Bead off the angle on the vertical verniers. 

Reverse the instrument on its bearings, re-level, and re-intersect the 
stme object. If now the vertical verniers read as at first, the vertical 
ooUimation is correct. If not, the mean of the readings is the true angular 
deviation from the horizontal. By means of the vertical limb's tangent- 
screw make the vertical verniers read this true deviation, and intersect 
the distant point by means of the antagonising screws. 

This will disturb the level of the vertical limb. Bestore its horizontality 
by means of the capstan- headed adjusting screws. The verniers should 
now read the same angle in both positions of the transit axis. If not^ 
repeat the process till accuracy is obtained. 

(b) Horizontal CoUimation, — ^Intersect some well-defined distant point 
with the spider-lines. Beverse the instrument on its bearings. If there 
is any deviation from the intersection, correct half with the tangent-screw 
of the horizontal limb and half with the capstan-headed screws which 
move the diaphragm. Beverse the instrument on its bearings, and repeat 
similar corrections till accuracy is obtained. 

22. Tables. 
Explanation of the Tables. 

Table I. contains the sun's declination, to the nearest minute, for the 
years 1883-84-85 and '86; the declinations for the years 1887-88-89, and 
'90 are almost equally correct. 

Table n. contains the equation of time for 1883-84-85 and '86 to the 
nearest second, and will serve very well for common purposes for the 
4th or 8th years after. The error will be greatest from the latter ead 
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of May to the middle of July, to 2" or 3" in a period of four jnn. 
The words '' add "* or '' sub " indicate the manner in which the equation 
is to be applied to apparent time to convert it into mean time. 

Table III. contains the sun's mean right ascension. The months aze 
given at the top of the table, the days in the side column. It will he 
found useful for ascertaining the approximate time of an object's meridian 
passage, but where accuracy is necessary recourse must be had to the 
* Nautical Almanac' 

To find the approximate time of a star passing the meridian^ subtnot 
the sun's right ascension from the star's right ascension (increasing the 
star's right ascension by 24 hours if it is less than the sun's right 
ascension), and the remainder will be the approximate time of the star 
passing the meridian. 

Table IV. contains the mean places of 44 stars of the first and seoond 
magnitudes for the 1st of January, 1882, with their annual variation in 
right ascension and declination. 

Tables V. and VL — Table V. contains the approximate times of the 
meridian passages of 44 of the principal stars for the Ist of the month. 
To find the time of passage on any other day, subtract the x)ortion of time 
corresponding to the day of the month in Table VL from the time in 
Table V. As the times given in these tables are apparent, they must he 
converted into nvan time by applying the equation of time as directed 
in Table II. should the mean time of meridian passage be required. 
The result arrived at by the use of these tables is only approximate, 
but will seldom be as much as 2 m. in error. 

N.B. The altitude of any star when passing the meridian may be found 
by adding together the complement of the latitude of the place of observa- 
tion and the declination of the star, when they are of the same name, or 
taking their difference when of contrary names; the altitude to he 
reckoned from the south point of the horizon when the latitude is north, 
and the contrary when south ; but when the sum exceeds 90° it is to he 
taken from 180°, and the altitude is to be reckoned from the north in 
north latitude, and the south in south latitude. When using the 
artificial horizon, the altitude to which the index of the sextant is to he 
set must, of course, be double the aUitude found by this method. 

Table VII. contains the refraction for the barometer at 80 inches and 
Falirenheit's thermometer at 50°. The two smaU tables at the side 
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contain corrections when the barometer differs from 30, inches or the 
thermometer from 50°. 

Table VIII. exhibits half the time that a celestial body continues above 
the horizon when the latitude and declination are the same name ; or 
below it when they are contrary names^ and affords the means for com- 
pating the rising and setting of the sun, moon and stars, and the length 
of the night or day. 

To find the time of the Sun's Rising or Setting , enter Table VIII. with 
the latitude and declination, and the tabular value will show the apparent 
time of the sun*s setting when the latitude and declination are the same 
name, or of its rising when the latitude and declination are of contrary 
oames, and this, subtracted from 12 hours, will give the apparent time 
of the sun's rising in the former case, and of its setting in the latter. 

Double the time of rising will give the length of the night. 

Double the time of setting will give the length of the day. 

{Example^ Required the (apparent) time of the sun's rising and setting, 
and the length of the day and night in lat. 46° n., and the declination 
18 N. 

Tabxdar value answering to lat. 46° and decl. 18° is 7 h. 19 m. Hence 
in lat. N. 46°, decl. n. 18, time of sunset is 7 h. 19 m., and that of sunrise 
is 12 h. — 7 h. 19 m. = 4 h. 41 m. 

The same is true for lat. s. 46°, decl. s. 18°. 

Conversely, both for lat. N. 46°, decl. s. 18°, and for lat. s. 46°, ded. n. 
18°, the time of sunrise is 7 h. 19m., and that of sunset is 4 h. 41 m. 

Li the first pair of cases the length of the day is 2 x 7 h. 19 m. = 
14 h. 38 m., and that of the night is 2 x 4 h. 41 m. = 9 h. 22 m. ; and in 
he second pair, conversely, the length of the night is 14 h. 38 m., and 
hat of the day 9 h. 32 m. 

To find the time of a Star's Rising and Setting, subtract the sun's right 
scension. Table III., from the star's right ascension. Table IV. (increasing 
he star's right ascension by 24 hours if it is less than the sun's right 
scension), and the remainder will be the approximate time of the star's 
assing the meridian, then the latitude and declination found in this table 
ill give the time the star takes in ascending from the horizon to the 
leridian, and descending from the meridian to the horizon, when the 
.titude and declination are the same names; therefore, if tliese hours and 
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minutes be subtracted &om the time of its passage oyer the meridian, the 
remainder will be the apparent time of its rising ; and, if added, the sum 
will be the time of its setting. 

When the latitude and declination are of contrary names, the time 
found in the table will be the half of the continuance of the star under 
the horizon ; consequently it is to be subtracted frqm 12 hours to give 
half the time of its continuance above the horizon. 

(Example,) At what time (apparent) does the star jS Leonis rise and 

set on May 30th in lat. 46° n. ? 

n. n 
Star's R. A. 11 43 

Sun's R. A 4 27 

Star's approximate meridian passage 7 16 

Time in table answering to lat. 46° n. and star's ) 
declination 15° 15' N ) ' ^ 

Remainder = time of star's rising 00 12 

Sum = time of star's setting 14 20P.M. 

or 2 20AJ1. 

{Example.) At what time (apparent) does the star a Ophiuchi rise and 
set on May 12th, in lat. 30 s. ? 

H. X. 

Star's R. A 17 29 

Sun's R. A 3 15 

Star's approximate meridian passage 14 14 

Time answering in table to 30° s. lat., and star's"j 
declination 12° 39' n. = 6 h. 36 m. which, sub-> 5 30 
tracted from 12, gives 5 h. 30 m j 

Remainder = time of star's rising 8 44 

Sum = time of star's setting 19 44PJC. 

or .. .. 7 44 A.M. 
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Table IX., giving the distance of the horizon as seen over water from 
different heights above it, will be fonnd very useful both in checking 
exaggerated estimates of the width of lakes whose opposite shores are 
invisible, and also as a rude means of judging the distance of objects 
seen across water. 

Table X. gives the Talues of 2 ^' half-hoiir angle ^nd is used in 

sm 1" 
finding the latitude by altitudes of the sun, or of stars when they are near 
the meridian : the manner of using it is shown in the example (page 56). 

Table XL gives the number of geographical miles, or minutes of the 
equator, contained in a degree of longitude under each parallel of 
latitude on the supposition of the earth's spheroidal shape with a com- 
pression of ^^. 

Table XII. is for converting statute into geographical miles. 

Table XIII. is for conve]5ting geographical into statute miles. 

Table XIV. contains a comparison of Fahrenheit, Eeaumur, and 
Centegrade thermometer scales. 

Table XV. contains a comparison of En^sh and French barometer 
scales to hundredths of an inch. 

Table XVI. gives the natural cogines of angles' from 0° to 90°. The 
several columns of cosines are headed by degrees, the accompanying 
minutes being inserted in the first column on the left of the page; this 
is equally a coltmm of seconds, and is accordingly headed with the 
marks for minutes and seconds. The number of degrees and minutes 
of an arc or angle is found in the column of cosines under the degrees 
and in a line with the minutes foxmd in the first column ; if there are 
seconds also in the arc or angle, again refer to the first column for these, 
and in the same horizontal line with them in the column headed " parts 
for,** next to the column from which the cosine has been extracted, will 
be found the correction for seconds, which is always to be subtracted^ and 
the remainder will be the cosine of the given degrees, minutes, and 
seconds. When the angle or arc for which the cosine is required is 
greater than 90°, the table must be entered with its supplement and 
the corresponding cosine regarded as negative. The decimal points 
have not been inserted before each cosine ; and in the computation, for 
which this table was specially prepared by Professor J. B, Young, the 
numbers may always be regarded as integers. 
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Example 1. Suppose the natural cosine of 39° 22' 33" were required: 
Turning to the page containing 39 on the top, we find " parts " against 
33" to be 103, and the cosine against 22' to be 773103; subtracting 103 
from this, we get the cosine required, 77 30CXD. 

2. Kequired the cosine for 120° 18' 20": the supplement of this is 
59° 41' 40". Under 59° and against 40" we find 168 parts, and against 
41' the cosine is 504779; subtracting the 168 from this 50461 1, which 
is negative because the proposed angle is greater than 90^. Since the 
sine of any angle is the cosine of its complement, the sine of an angto 
may be obtained from this table, by taking out the cosine of the defeat 
from, or the excess above 90°. The sine of 50° 37' 27" is, for instance, 
the same as the cosine of 39^ 22' 33'' : and the sine of 149^ 41' 40" is the 
same as the cosine of 59° 41' 40". The tangent of an angle is its sine 
divided by its cosine, and may be also readily found from this table. 

3. Bequired the angle whose cosine is 568293 : 

o / 

By the table 568323 = 55 22 

Given cosine 568293 

// 

Parts for sees 30 7' 5 



Angle required is 55° 22' 7" '5. 

If the cosine given had been negative - 568293, the supplement of this 
angle, namely, 124° 37' 5 2"* 5, would have been the angle to which that 
cosine belongs. 
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£LE L— Declination op the Sun for the Years 1883 and 1887 at mean Noon 

AT Greenwich. 



r. 



Jan. 



I 
I 

t 
I 
1 
4 

6 
lo 



O I 

2} 18. 

22 56 
22 50 
2244 
22 }^ 
22 30 
22 23 
22 15 
22 7 
21 58 
21 49 
21 J9 
21 29 
21 19 
21 8 
» 57 

ao45 
2o JJ 
20 21 
20 8 

19 55 

19 41 

1927 
19 13 
18 58 
1843 
18 28 
18 12 
17 56 
17 40 

17 ii 



Feb. 



o / 
17 78. 

1649 

16 32 
16 14 

15 56 

15 j8 
15 19 
15 o 
14 41 

14 22 
14 2 

13 4* 
IJ 22 
13 2 
12 41 
12 20 
12 O 
II 39 
II 17 
10 56 
10 34 
10 12 

9 50 
9 28 
9 6 
844 
8 21 

7 59 



March. 



I 

7 368. 

7 li 
6 50 

6 27 
6 4 
541 
5 18 

4 54 

4 7 
i 44 
3 20 

2 57 
2 33 
2 9 

1 46 
I 22 

o 58 
o 34 

O IIS. 
O I3N. 

37 

1 -o 

1 24 

1 48 

2 II 

2 35 

2 58 

3 21 

3 45 

4 8 



April. 



o f 

4 iiN, 

4 54 

5 17 

5 40 

6 3 
626 

6 48 

7 II 

7 iJ 

7 56 

8 18 

8 40 

9 J 
9 23 

945 
10 6 

10 27 

10 48 

11 9 
II 30 

11 50 

12 II 
12 31 

12 50 

13 10 

13 30 

1149 

14 8 

14 27 
1445 



May. 



O I 

15 iN. 

15 21 

15 39 

15 57 

16 14 

16 31 

16 48 

17 4 
17 20 

17 36 

17 52 

18 7 
18 22 

18 37 

18 51 

19 5 
19 19 

19 32 
1945 

19 58 

20 10 
20 22 
20 34 
20 45 

20 56 

21 7 
21 17 
21 27 
21 37 
21 46 
21 55 



June. 



O I 

22 3K. 
22 II 

22 19 
22 26 
22 33 
22 39 
22 45 
22 51 

22 56 

23 I 
23 "5 

23 9 

23 13 

23 16 

23 19 

23 21 
23 23 
23 25 
?3 26 
23 27 
23 27 
23 27 
23 27 
23 26 
23 24 
23 23 
23 20 
23 18 
23 15 
23 12 



July. 



o / 
23 8n. 

23 4 

22 59 

2254 
2249 

22 43 
22 37 
22 30 
22 23 
22 16 
22 8 
22 o 
21 51 
21 43 
21 33 
21 24 
21 14 
21 3 
20 53 
20 42 
2o 30 
20 19 
20 7 

19 54 
19 41 

19 28 
19 15 
19 I 
18 47 
18 33 
18 18 



Aug. 



o f 
18 3N. 
17 48 
17 33 
17 17 
17 I 
1644 
16 28 
16 II 

15 54 
15 36 
15 19 
15 I 

14 4J 
14 24 

14 6 

13 47 
13 28 

15 9 
12 49 

12 29 

12 10 

II 49 

II 29 

II 9 

10 48 

10 27 

10 6 

9 45 

9 24 

9 3 

8 41 



Sept. 



I 

8 19X. 

7 57 
7 35 
7 li 
651 
6 29 
6 6 

5 44 
5 21 

4 59 
4 36 
4 n 

3 50 

3 27 

3- 4 
241 

2 18 

1 54 
I 31 

I 8 
044 
o 21N. 

O 2S. 

26 

049 

1 13 
136 

1 59 

2 23 

2 46 



Oct. 



O f 

3 10 8. 
3 33 

3 56 

4 19 

4 42 

5 6 
5 29 

5 52 

6 14 

6 37 

7 o 
7 2i 

7 45 

8 8 
8 30 

8 52 

9 H 
9 36 
9 58 

10 19 

10 41 

11 2 
II 23 

11 44 

12 5 
12 26 

12 46 
3 6 

13 27 

13 46 

14 6 



Nov. 



O I 

14 258. 

1444 

15 3 
15 22 
15 40 

15 59 

16 16 
16 34 

16 51 

17 8 
17 25 
17 42 

17 58 

18 14 
18 29 
1844 

18 59 

19 14 
19 28 

19 42 

1955 

20 8 
20 21 
20 33 
20 45 

20 57 

21 8 
21 19 
21 29 
21 39 



Dec. 



o f 
21 498. 

21 58 

22 6 
22 15 
22 23 
22 30 
22 37 
2244 
22 50 

22 55 

23 I 
23 5 
23 10 

23 13 
23 17 
23 20 
23 22 
23 24 
23 25 
23 26 
23 27 
23 27 
23 27 
23 26 
23 24 
23 2} 
23 20 
23 18 

23 14 
21 II 

23 7 
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HINTS TO TRAVELLEBS. 



Table I. (continued). — ^Declination op the Sun fob the Tbabs 1884 and 18 

AT MEAN Noon at Gbeenwioh. 



Day 


Jan. 


Feb. 


March. 


April. 


May. 


Jane. 


July. 


Aug. 


Sept. 


Oct 


Not. 




O f 


f 


f 


f 


1 


1 


1 


1 


1 


1 


f 


X 


21 2 8. 


17 IIS. 


7 198. 


4 49^- 


15 17N. 


22 9X. 


23 fs. 


17 52K. 


8 JK. 


3 27a 


. 14408. 


2 


22 57 


16 S3 


6 56 


5 12 


15 35 


22 17 


2J 


17 31 


741 


I 50 


M59 


3 


22 51 


16 j6 


633 


5 35 


15 53 


22 24 


2255 


17 21 


7 19 


414 


15 18 


4 


22 45 


16 18 


6 10 


5 58 


16 10 


22 JI 


22 50 


«7 5 


657 


4i7 


1536 


5 


22 39 


16 


5 46 


6 20 


16 27 


22 j8 


2244 


16 4» 


6i4 


5 


1554 


6 


22 32 


1542 


5 2J 


6 4J 


1644 


2244 


22 J8 


16 J2 


6 12 


5 2J 


1611 3 


7 


22 25 


15 23 


5 


7 5 


17 


2249 


22 J2 


16 15 


549 


546 


16 JO 1 


8 


22 17 


15 5 


4i6 


7 28 


17 16 


22 55 


22 25 


15 58 


527 


6 9 


1647 » 


9 


22 9 


1446 


4 iJ 


7 50 


17 32 


2j 


22 18 


15 41 


5 4 


6j2 


f7 4 « 


lO 


22 


14 26 


i 49 


8 12 


17 48 


2J 4 


22 10 


15 2J 


4 4« 


654 


17 21 * 


II 


21 51 


14 7 


3 26 


8 J4 


18 3 


2J 8 


22 2 


15 5 


419 


7 17 


I7J« « 


12 


21 42 


li 47 


i 2 


8 56 


18 18 


2J 12 


21 54 


1447 


J 56 


7 40 


1754 ' 


13 


21 J2 


u 27 


2 J9 


9 18 


18 33 


2J 15 


2145 


1429 


3 33 


8 2 


1810 « 


14 


21 21 


n 7 


2 15 


9i9 


18 48 


2J 18 


21 j6 


14 10 


3 10 


824 


18 15 9 


15 


21 II 


12 46 


I 51 


10 I 


19 2 


2J 21 


21 26 


u 52 


246 


847 


1841 « 


l6 


21 


12 26 


I 28 


10 22 


19 15 


2J 2J 


2f 16 


IJ 33 


2 2J 


9 9 


18 56 9 


17 


20 48 


12 5 


* 4 


10 4J 


19 29 


2J 25 


21 6 


n ij 


2 


931 


19 10 9 


i8 


20 j6 


II 44 


40 


" 4 


1942 


2J 26 


2055 


1254 


Ii7 


952 


1924 * 


»9 


20 24 


II 22 


178. 


II 25 


19 55 


2J 27 


2045 


12 J4 


1 23 


10 14 


I9J« •' 


20 


20 II 


II I 


7x. 


II 45 


20 7 


2J 27 


20 JJ 


12 14 


50 


10 j6 


1952 «' 


21 


19 58 


10 39 


JI 


12 6 


20 19 


2J 27 


20 22 


II 54 


27 


1057 


20 5 «> 


22 


1944 


10 18 


055 


12 26 


70 JI 


2J 27 


20 10 


II J4 


JN. 


XI 18 


2018 «) 


23 


19 31 


9 56 


I 18 


12 46 


20 4J 


2J 26 


19 57 


II 14 


20s. 


II J9 


2010 «l 


24 


19 16 


9 34 


I 42 


n 5 


20 54 


2J 25 


1945 


10 5J 


044 


X2 


2042 «" 


2$ 


19 2 


912 


2 5 


ij 25 


21 4 


2J 2J 


19 32 


10 J2 


2 7 


12 21 


2054 » 


26 


1847 


849 


2 29 


U 44 


21 15 


2J 21 


19 18 


10 12 


I JO 


1241 


21 5 « 


27 


18 32 


8 27 


2 52 


14 3 


21 25 


2J 18 


19 5 


9 50 


I 54 


IJ 2 


21 16 I 


28 


18 16 


8 4 


J 16 


14 22 


21 J4 


2J 16 


18 51 


929 


2 17 


1} 22 


2117 H 


29 


18 


741 


Ji9 


14 41 


21 44 


2| 12 


18 J7 


9 8 


241 


IJ42 


1117 • 


lo 


1744 


• • 


4 2 


1459 


21 52 


2J 9 


18 22 


8 46 


3 4 


M « 


114^ « 


JI 


17 27 


• • 


426 


• • 


22 X 


• • 


18 7 


825 


• • 

> 


14 21 


.. « 




TABLES. 
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Tabls L (eontinued), — ^Declination op the Sun fob the Ybabs 1885 and 1889 

AT MEAN Noon at Greenwich. 



Day. 


Jan. 


Feb. 


March. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct 


Nov. 


De 




o t 


/ 


/ 


1 


» 


f 


/ 


t 


f 


/ 


t 





I 


22 588. 


16 588 


7 248. 


4 4JN 


15 UN. 


22 7N. 


2j 6n. 


17 56N. 


8 8n. 


J 218. 


14 358. 


21 


2 


22 5i 


16 40 


7 I 


5 6 


15 Jl 


22 15 


2J I 


17 40 


7 46 


3 45 


1454 


22 


1 


2247 


16 23 


6 39 


5 29 


1548 


22 22 


22 56 


17 25 


7 24 


4 8 


15 13 


22 1 


4 


22 41 


16 5 


615 


5 52 


16 6 


22 29 


22 51 


17 9 


7 2 


4 31 


15 31 


22 ] 


5 


22 34 


15 46 


5 52 


615 


16 2J 


22 j6 


22 46 


i6 5J 


6 40 


4 54 


15 50 


22 : 


6 


22 27 


15 28 


5 29 


6 3^ 


16 40 


22 42 


22 40 


16 j6 


6 18 


5 17 


16 8 


22 . 


7 


22 19 


15 9 


5 6 


7 


16 56 


22 48 


22 JJ 


16 19 


5 $5 


540 


16 25 


22 . 


8 


22 II 


14 50 


442 


7 22 


17 12 


42 53 


22 27 


16 2 


5 32 


6 3 


16 43 


22 . 


9 


22 2 


14 n 


4 19 


7 45 


17 28 


22 58 


22 19 


15 45 


5 10 


6 26 


17 


22 i 


10 


21 S3 


14 K 


3 55 


8 7 


17 44 


2J 3 


22 12 


15 27 


4 47 


649 


17 17 


22 f 


IX 


21 44 


IJ 52 


3 32 


3 29 


18 


23 7 


22 4 


15 10 


424 


7 " 


17 34 


2J 


XI 


21 34 


IJ 32 


3 8 


851 


18 15 


2J II 


21 56 


14 52 


4 I 


734 


17 50 


23 


II 


21 24 


IJ 12 


244 


9 13 


18 29 


2J 15 


21 47 


14 i3 


3 38 


7 56 


18 6 


23 : 


H 


21 13 


12 51 


2 21 


9M 


18 44 


2J 18 


21 J8 


14 15 


3 15 


8 19 


18 22 


23 : 


15 


21 2 


12 JI 


I 57 


9 56 


18 58 


2J 20 


21 28 


IJ 56 


2 52 


8 41 


18 J7 


2J 1 


i6 


20 51 


12 10 


I 33 


10 17 


19 12 


2J 22 


21 19 


IJ J7 


2 29 


9 3 


18 52 


21 • 


17 


20 39 


II 49 


I 10 


10 i8 


19 26 


2J 24 


21 9 


IJ 18 


2 6 


925 


19 7 


23 • 


18 


20 27 


II 28 


46 


10 59 


19 39 


2J 25 


20 58 


12 59 


I 42 


9 47 


19 21 


23 


«9 


20 14 


II 6 


22 s. 


II 20 


19 52 


2J 26 


2047 


12 J9 


I 19 


10 9 


1935 


23 


20 


20 I 


10 45 


2N. 


II 40 


20 4 


2J 27 


20 j6 


12 19 


56 


10 JO 


1949 


23 


21 


1948 


10 23 


25 


12 I 


20 17 


2J 27 


20 24 


II 59 


JJ 


10 52 


20 2 


2J 


22 


J19 J4 


10 I 


049 


12 21 


20 28 


2J 27 


20 IJ 


II J9 


9N. 


II 13 


20 15 


23 


2? 


19 20 


9 J9 


I 12 


12 41 


20 40 


2J 26 


20 


II 19 


14 s. 


" 34 


20 27 


23 


M 


19 5 


9 17 


I J6 


13 I 


20 51 


2J 25 


1948 


10 58 


j8 


II 55 


20 J9 


23 


25 


18 50 


855 


2 


IJ 20 


21 2 


2J 2J 


19 35 


10 j8 


I I 


12 16 


20 51 


23 


26 


18 35 


8 32 


2 2J 


IJ J9 


21 12 


2J 21 


19 22 


10 17 


I 25 


12 j6 


21 2 


23 


27 


18 20 


8 10 


247 


13 59 


21 22 


2J 19 


19 8 


9 56 


I 48 


12 56 


21 13 


2J 


28 


18 4 


7 47 


J 10 


14 17 


21 J2 


2J 16 


18 54 


9 34 


2 II 


IJ 17 


21 24 


23 


29 


17 48 


• • 


J 3i 


14 36 


21 41 


2J IJ 


18 40 


9 13 


2 J5 


iJ J7 


21 J4 


2J 


JO 


17 ii 


• • 


i 57 


1454 


21 50 


2J 10 


18 26 


852 


2 58 


IJ 56 


21 44 


23 


31 17 15 


• • 


4 20 


• • 


21 59 


• • 


18 11 


8 JO 


• • 


14 16 


• • 


23 
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HINTS TO TKAVELLERS. 



Tabli I. (corUinued), — ^Declination of the Sun for the Yeabs 1886 and 1900 

AT mean Noon at Greenwich. 



Day. 


Jan. 


Feb. 


March. 


April. 


May. 


June. 


July. 


Aug. 


Sopt 


Oct. 


Not. 


Dec 




t 


/ 


/ 


/ 


r 


/ 


/ 


1 


' 


r 


t 


' 


X 


22 598. 


17 2 8. 


7 30 8. 


4 37N. 


15 8n. 


22 551. 


23 72f. 


17 59 Jf- 


8 13 N. 


3 168. 


14 31 8. 


21 518- 


2 


22 54 


1645 


7 7 


5 


15 26 


22 13 


23 2 


17 44 


7 52 


3 39 


14 50 


22 


i 


22 48 


16 27 


644 


5 23 


1544 


22 20 


22 58 


17 28 


7 30 


4 a 


15 8 


22 9 


4 


22 42 


16 9 


6 21 


546 


16 I 


22 28 


22 53 


17 13 


7 7 


426 


15 17 


22 1? 


5 


22 35 


15 51 


5 58 


6 9 


16 19 


22 34 


22 47 


16 56 


645 


4 49 


1545 


2225 


6 


22 28 


15 33 


5 35 


632 


16 }$ 


22 41 


22 41 


16 40 


623 


5 12 


x6 1 


nn 


7 


22 21 


15 X4 


5 " 


6 54 


16 52 


2247 


22 35 


16 23 


6 


5 35 


16 21 


2239 


8 


22 IJ 


1455 


448 


7 17 


17 9 


22 52 


22 28 


16 6 


538 


5 58 


16 39 


2245 


9 


22 4 


14 i6 


4 24 


7 39 


17 25 


22 57 


22 21 


1549 


5 15 


6 21 


1656 


22 5» 


10 


21 56 


X4 16 


4 1 


8 I 


17 40 


23 2 


22 14 


15 32 


452 


643 


17 13 


2257 


xc 


21 46 


13 57 


3 37 


8 24 


17 56 


23 6 


22 6 


15 14 


430 


7 6 


17 30 


23 2 


X2 


21 37 


13 37 


3 14 


845 


18 II 


23 10 


21 58 


14 56 


4 7 


7 29 


17 46 


23 6 


13 


2X 26 


X3 17 


2 50 


9 7 


18 26 


23 14 


21 49 


14 38 


344 


7 51 


18 2 


2311 


14 


21 16 


X2 56 


2 27 


9 29 


18 41 


23 17 


21 40 


14 19 


3 21 


814 


18 18 


tm 


15 


21 5 


12 36 


2 3 


950 


18 55 


23 20 


21 31 


14 1 


258 


8 36 


X8 33 


23 17 


i6 


20 54 


X2 15 


I 39 


xo 12 


19 9 


23 22 


21 2X 


13 42 


2 34 


8 58 


1848 


23 20 


17 


20 42 


II 54 


1 15 


10 33 


19 22 


23 24 


21 II 


13 23 


2 II 


9 20 


19 3 


2nJ 


i8 


20 30 


II 33 


52 


10 54 


19 36 


23 25 


21 X 


13 3 


148 


942 


19 17 


23 J4 


»9 


20 17 


11 12 


28 


XI 15 


1949 


23 26 


20 50 


1244 


I 25 


10 4 


19 31 


2j :6 


20 


20 4 


10 50 


48. 


II 3$ 


20 I 


23 27 


20 39 


12 24 


X X 


10 2$ 


1945 


23 21 


21 


19 51 


10 28 


19N. 


XI 56 


20 14 


23 27 


20 27 


12 4 


38 


1047 


1959 


2327 


22 


19 37 


10 7 


43 


12 16 


20 25 


23 27 


20 15 


II 44 


I5N. 


II 8 


20 12 


2317 


23 


19 23 


945 


I 7 


12 36 


20 37 


23 26 


20 3 


II 24 


98. 


II 29 


20 24 


2J 26 


24 


19 9 


9 22 


I 30 


12 56 


20 48 


23 25 


19 51 


II 3 


32 


II 53 


20 36 


2J15 


25 


18 54 


9 


I 54 


13 15 


20 59 


23 24 


19 38 


10 4? 


56 


12 II 


20 48 


2314 


26 


18 39 


8 38 


2 17 


13 35 


21 10 


23 22 


19 25 


XO 22 


I 19 


12 31 


21 


2J« 


27 


x8 24 


8 15 


241 


13 54 


21 20 


23 20 


19 II 


10 I 


142 


12 51 


21 II 


21 » 


28 


x8 8 


7 53 


3 4 


14 ij 


21 30 


23 17 


18 58 


940 


2 6 


13 12 


21 22 


23 n 


29 


17 52 


• • 


3 28 


14 32 


21 39 


23 14 


18 43 


9 18 


2 29 


X? 32 


21 12 


23 IJ 


JO 


17 36 


• • 


3 51 


14 50 


21 48 


23 10 


18 29 


8 57 


2 53 


13 52 


21 42 


2? n 


JI 


17 19 


• • 


4 14 


• • 


21 57 


• • 


18 14 


8 35 


• • 


14 IX 


• • 


2? J 



TABLE8. 
Table n. — EavATioir of Tnm n>B the Teak I 



HINTS TO TEAVELLEBS. 



Day. 


Jra. 


FA, 


M^b. 


April. 


A.,^. 


Ju.e. 


July. 


Aug. 


S*pt. 


Oct. 


Nov. 


Dec 




Add 


~I^ 


~I^ 


Add 


^ 


Sub. 


Add 


Add 


Sob. 


Snb. 


Sub. 


Sub. 




4" 


■147 


>.,6 


,46 


111. S, 


"1 


\Z 


!S4 

SS4 
I4B 


-sfi 


"49 


.6.9 
16.9 


10.J4 
946 




SI9 
















1 j6 










J IS 


!oi 


H tS 


t n 


J J4 


'1^ 


441 


J 16 

lie 


■ 16 


".a 


i& 9 


a" 




b^g 


1414 
1426 


,o4« 


1 16 


M5 


(>5S 


■ISO 

4!q 


!" 


151 


"" 


16 5 


7 J9 


lo 


H8 


;::; 


":!: 


°i 


1,8 


046 


\i 


:: 


J" 


:;:; 


■ 546 
15 li 


64! 
6 17 
(48 


I 


84B 


■416 


9 18 
9" 


H 




li 


Z 


I" 


441 


14 ti 


r. 


4 JI 


I6 


q ;i 


14 IS 


B36 


an 


lii 


<m 


54S 


ise 


I 14 


14 ]o 


14 18 


i fi 


IS 


10 3i 


14 H 


11.8 


oJB 


Ml 


□41 


5i« 


))i 


6*7 


'4 4= 


M4& 




>9 


to 51 


'4 4 


1 41 


1 { 


J 4+ 


1 a 


6 1 


119 


618 


1; i 


14 19 




I 


11 21 


IJ58 


648 


140 


Ml 


';■; 


y 


ti' 


649 


<H9 


■J 49 






























JS 


11 Hi 


■ 1 19 


I !l 


I j3 


1 T« 


1 i« ; 6 i; 


'47 


G }I 


i; ti 


11 39 










! 11 




















17 


HS6 


II 4B 


158 


i;8 


14a 


3 17 


6I( 

614 
fill 
Sio 


oj6 

a, a 


i;; 


:i,i 


I^Sfi 




" 


"" 




4 4 




'" 




6 7 


. 




.6i>, 







B TBI Ybab 1885, 



HINTS TO TBAVELLBRS. 



Pur. 


J... 


F.b. 


Murct 


April 


M-ir. 


JUP=, 


laly. 


Aog. 


Sept. 


Oct. 


«.r. 


Deo. 




Add 


Add 


Add 


Add 


Sab. 


Snh. 


Add 


Add 


S«b. 


SO,. 


Sub. 


Sub. 




m. e. 


m. a. 


m. E, 


m. s. 


m. s. 


m. I, 


m. s. 


m. s. 


ID. B. 


a. B. 


m. 9. 


m. >. 


I 


'« 


I] 11 


11 's 


JJ4 
Jj6 


3 » 


IJI 


! J) 

J44 


6 I 


°11 


'°4° 


<6,B 


!oM 


4 


449 


14 10 


II J8 


lie 
11* 


)lS 


■ 58 
Ml 

in 


4 G 


SSS 
546 


046 


.0)8 


1616 


9 IB 
841 


1 


6j6 


mI! 


■ OSS 


■ SI 


JH 




4 41 


SJS 


z 26 


11, 1 


's'e 


8 18 


9 






1040 




144 




4 5* 




146 


1141 




7 J5 


" 


S^ 


mIb 


',1" 


..a 


14* 

:48 


0J9 


I 4 


5 9 
4 59 


',8 


uss 


IS 56 


6,7 
6 » 


" 


8J8 


142; 

14 J6 


9)6 


046 


in 


IZ 


[Z 


4 49 
4J9 


4^ 


U4I 


MM 


SM 


14 


9 W 


1414 


919 


s" 


I J' 


J 


SJ4 


4 28 


4JI 


n 57 


'J IS 


! f 


H 


<)44 


1421 


9 1 


□""d 


iSl 


010 


S4< 


411 


4fi 


Mir 


II ij 


416 












JS* 




546 












1) 


in .4 


14 11 


8 J7 


019 


t 44 


0,5 


5(1 


in 


5 IS 


14(6 


'4 51 


) 18 










«4! 


)48 




!5T 




556 








"9 


II I 


14 I 


7 11 


oi; 


)4S 


I 1 


6 I 


116 


6 n 


'4 58 


1416 


JJ«_ 


!' 


II j6 


1J49 


i;i 


'4' 


J 41 
J J9 


|« 


i;: 


141 


;;: 


15 i6 


1412 


I 19 

' 9 


»4 


II U 


■ HJ 


6 JO 


ISfl 


ff 


1 6 


6t4 


111 


B 1 


'5 41 


H ^ 


H 


>J 


■ ij6 






2 9 




1 19 


61/ 








"49 




le 


1149 












61J 


1 39 




ISSS 




«ii 


»7 












144 


61/ 














1) n 


11 41 


s ■> 


I jE 


3 


li* 


614 


' 5 


9 1) 


16 7 


II S" 


I fi 


JL 


:;:: 




4 48 


145 
1 !I 


2 1(1 
144 

*/6 


i 5 


6 1] 


□ 41 


,:" 


16 i& 


II 7 
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TABLES. 
£ ni. — Scm'b Mean Bioht Xecmsios. 



I>«yi!. 


Jim. 


Feb. 


M^=h. 


April. 


Mor- 


J.™. 


July. 


Aug. 


Sept. 


Oct. 


^*. 




b. ni. 


b, ». 


h. ni. 


li. m. 


,,.„,_ 


I1.U,, 


h.Tn. 


1,. „. 


h. tn. 


Km. 


h. m. 


h. m. 


1 


.8^6 


30 SB 


11 lB 


041 


1 » 


4}1 


64° 


34s 


1041 


.119 


<4 1S 


.6 19 














44* 


644 








14 19 


16 ji 


] 


i3 H 


11 r* 


«i6 


°49 


140 


444 


64B 


B {1 


1048 


.1J6 


14); 


16 J7 


; 


18 59 


11 .4 
1. iS 


IJ 14 


osS 


148 

I 56 


448 
4J6 

S qS 


«I6 


Bs5 
9°4 

919 


■OS9 


1140 
11 SB 


'4)1 


.641 
ib4& 
16 SI 
16 !S 


" 


^9.4 


"I! 


"^ 


1 11 


I'l 


5 11 


ii's 


91! 


11 10 


"% 


■5°! 


n'l 






.146 






J (9 




7 39 




1.24 








14 


19 4> 


11 s° 


Jl J6 


■ 19 


I li 


S 19 


7 is 


9 14 


11 IB 


1! 16 


IS 17 


II I5 


■J 






IJ 40 




















16 


19 SI 


JI iS 


i| 4> 


1 I^ 


1 11 


5J1 


7 4' 


941 


>l JS 


11 14 


IS 15 


17 JI 


n 


;:E 


13 IS 


H S4 

09 


I 4B 


J4J 
J!9 


J 41 
S4« 

SS8 


74! 


94S 
9 49 


1. a 

ii4(i 
1156 


H46 


IS 41 

iJ4fi 


'7 48 
























H59 






1019 


















usa 










MJ6 








6 19 




.0 19 




1401 






'1 


ion 


11 4D 


" 1} 


I tB 


4M 




Bi; 




11 14 




16 11 


iflll 




la,i 


























W16 


11 4« 






















lO 


10 JO 




n 


1 iq 


4 17 


6,6 


1 17 


10 J! 


11 I! 


14 l^ 


16 IS 


18 J7 


" 


==J4 




" >" 




4 J' 


.. |M' 


icn 




1411 


" 


13 41 
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HINTS TO TRAVELLERS. 



Table IV. — ^Mean Places op 44 op the pbincipal Fixed Stabs fob 

January 1st, 1883. 



Name. 



a Andromeds i . • . 

Y Pegasi . . . (^Algenib) 

a Cassiopeae 

^ Ceti 

a UresB Minoris . . . {Polaris) . . 
a Eridani . . . (^Achemar) . . . . 

a Arietis 

a Persei 

a Tauri . . . {Aldebaran) . , . . 
a AurigsB . . . {Capdla) . . . . 

jS Orionis ... {Rigd) 

^ Tauri , . . . . 

a Columba) 

a Orionis ... (JBetelgtiese) .. .. 

a Argus ... {Canopus) 

a Canis Majoris . . . {Siriui) 

c Cuiis Majoris 

a* Geminorum ... (jCkutor) 

a Canis Minoris . . . {Procyon) . . 

^ Geminorum ... {PoUilx).^ .. 

I Argils 

a Hydras 

a Leonis . . . (^Reffidui) 

1} Argus 

a Ursffi Majoris 

^ Leonis 

y Ursae Majoris 

ai Crucis 

a VIrginis ... {Spica) 

1} Urss Migoris 

^ Centauri 

a Bootis ... {Arcturui) 

a? Centauri 

a Coronse Borealis . . . {Alphecca) 

fii Scorpii 

a Scorpii . . . {Antares) 

a Trianguli Australia 

a Ophiucbi 

a Lyrae . . . ( Vega) 

a Aquilaa ... (^Attair) 

a Pavonis 

a Gruis 

a Piscis Australia . . (Fomalhaut) 
a Pegasi . . . (Markab) 



Mag. 


Right Asc. 


Ann.Var 


Declination. 


Ann.Var. 




h. 


m. S. 


B. 





1 


u 


n 


2 


o 


2 20-4?4 

7 12-679 


+3*09 


+ 28 


26 


39*99 


+ 19*90 


3,2 


o 


3 '08 


+ 14 


31 


58-21 


20'02 


2,3 


o 


33 52403 


m 


**-55 


51 


41*49 


19*79 


2 


o 


37 42*872 


3'oi 


-18 


38 


45*05 


19*80 


2 


I 


15 50*214 


22*09 


+ 88 


41 


5-88 


18-96 


I 


I 


33 21*260 


2*24 


-57 


49 


53-45 


18-38 


2 


2 


34*694 


3-37 


+ 22 


U 


30-49 


17-19 


2 


3 


15 58-418 


4*25 


+4? 


36*05 


13*11 


I 


4 


29 12*440 


3-44 


**-i6 


16 


22-30 


7*57 


I 


5 


8 2*8Z2 


4*42 


**-45 


52 


38*05 


4-08 


I 


5 


8 54*867 
18 53*816 


2*88 


- 8 


20 


17*30 


4-4« 


2 


5 


3-79 


+ 28 


30 


25*03 


3 38 


2 


5 


35 24-791 


2-17 


-34 


8 


14*78 


2-11 


I 


5 


48 50 251 


3-25 


+ 7 


23 


i*-o 


0*98 


I 


6 


21 21*199 


1-3? 


"52 


37 


55*84 


— 1-87 


I 


6 


39 59*518 


2*65 


-16 


33 


23*82 


4*72 


2,1 


6 


54 1*665 


2*36 


-28 


^2 


49*70 


4-70 


2,1 


7 


27 8*o7j 


3-84 


+32 


8 


37*76 


7-52 


I 


7 


3? 10*646 


3*14 


•*• 5 


31 


24-05 


9-01 


1,2 


7 


38 9'iin 
13 57*4^6 


3-68 


+ 28 


18 


27-13 


8*39 


2 


9 


1-61 


-58 


47 


4-12 


15-02 


2 


9 


21 50*213 


2*95 


- 8 


9 


8-09 


15*43 


1,2 


lO 


2 8*399 


3-20 


+ 12 


32 


1865 


17*45 


1.6 


lO 


40 31-399 
56 29*965 


2-31 


-59 


4 


10*58 


18 '86 


2 


lO 


3-75 


+62 


22 


55-56 


19*38 


2 


II 


4J 5*453 


3-06 


+ 15 


13 


33*79 


20-I0 


2.3 


II 


47 40* W 


3.18 


•*-54 


20 


42*27 


20 -oa 


I 


12 


20 5*827 


3*29 


-62 


27 


0-89 


19-99 


I 


13 


19 1*725 


3*15 


— 10 


33 


0-92 
50-61 


18-91 


2 


13 


42 55*8?? 


2-37 


+49 


53 


18-09 


I 


13 


5S 34*519 


4*18 


-59 


48 


28-of 


i7«6i 


I 


14 


10 19*503 


2-73 


+ 19 


47 


32-98 


18-83 


I 


14 


31 i9-i6i 


4*01 


-60 


21 


14* 15 


15*38 


2 


15 


29 44-079 


2*54 


+ 27 


6 


33*39 


12-30 


2 


15 


58 38*050 


3*47 
3*67 


-19 


29 


3*03 


10-15 


I 


i6 


22 14*060 


-26 


10 


15*83 


8-33 


2 


i6 


36 17*199 


6*29 


-68 


48 


37*49 
46-84 


7*2o 


2 


17 


29 30*131 


2-78 


+ 12 


38 


2-86 


I 


i8 


32 58*614 


2*o? 


+ 38 


40 


31-09 
36-56 


+ 3*15 


1,2 


19 


45 4*467 


2*9? 


+ 8 


33 


9*25 


2 


20 


16 23*014 


4*78 


-57 


6 


29- 28 


11-20 


2 


22 


51*173 


3-81 


-47 


31 


36-91 


17*25 


1,2 


22 


51 10*909 


3-32 


-30 


14 


32*23 


18-97 


2 


22 


58 55*944 


2-98 


+ 14 


34 


33*71 


19*32 



In this table North Declination is denoted by +, South Declination by — ; to reduce the 
declination to any other date the corrections must be applied algebraically. 
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HINTS TO TEAVELLERS. 



Table VI. — Coeeection poe the Day op the Month, to be subtracted r 

THE APPARENT TIME OP A StAB'S MERIDIAN PASSAGE ON THE PIBST DAY 

THE Month. 



Bays. 


Jan. 


Feb. 


March. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


] 


I 

2 
3 
4 
5 
6 

7 
8 

9 

10 


h. m. 


4 

9 

13 
18 
22 
26 
30 
035 
39 


h. m. 


4 

8 

12 

16 

20 

24 

28 

32 

36 


h. m. 


4 

7 

II 

15 

19 

22 

26 

30 

33 


h. m. 


4 

7 

11 

15 

18 

22 

26 

29 

33 


h. in. 


4 

8 

II 

15 

19 

23 

27 

30 

035 


h. m. 


4 

8 

12 

16 

21 

025 

29 

33 

37 


h. m. 


4 

8 

12 

16 

21 

025 

29 

33 

37 


h. m. 


4 

8 

12 

15 

19 

23 

27 

31 

035 


h. m. 


4 

7 

II 

14 

18 

22 

25 

29 

032 


h. m. 


4 

7 

II 

15 

18 

22 

25 

29 

33 


h. m. ' 


4 

8 

12 

16 

20' 

024 
28 
3} 
36 


h 



c 










IX 
12 
13 
14 
15 
i6 

17 
i8 

X9 

20 


43 
48 
52 

56 

1 I 
I 5 
I 9 
I 13 
I 18 
I 22 


40 
44 
48 
52 

56 

1 
I 3 

I 7 
I II 

I 15 


31 
41 
044 
48 
052 

55 
059 

1 2 
I 6 
I 10 


36 
40 
044 
48 
051 

055 

59 

1 2 
I 6 
I 10 


39 
42 
46 
50 
54 

58 

1 2 
I 6 
1 10 
I 14 


041 
45 
049 
054 

58 

1 2 

I 6 

I 10 

1 14 
1 19 


41 

45 

049 

053 
057 

1 I 
I 5 
I 9 
I 13 
I 17 


38 
42 
46 

50 

053 

057 

1 I 

I 5 

I 8 
I 12 


36 
40 
043 
47 
50 
054 

58 

1 I 

I 5 
I 8 


37 
40 
044 
48 
051 

55 

59 

1 3 

I 6 
I 10 


040 
044 
48 
052 

56 

1 

I 4 
I 9 

1 13 

2 i7 








21 
22 
23 
24 
25 
26 

27 

28 
29 

30 
31 


I 26 
I 31 

I 39 
143 

I 47 
I 51 

1 56 

2 
2 4 
2 8 


I 19 
I 23 
I 26 
I 30 

I 34 
I 38 
I 42 

I 45 

• • 

• • 

• • 


I 14 

I 17 

I 21 

I 24 

I 28 

I 32 

I 35 

I 39 

I 43 
I 46 

I 50 


I 13 

I 17 

I 21 
I 25 
I 28 
I 32 
I 36 
I 40 
I 44 

I 47 

• • 


I 18 
I 22 
I 26. 
I 30 

I 34 
I 38 
142 
I 46 
I 50 
I 55 
I 59 


I 23 
1 27 
I 31 

I 35 

I 39 
I 44 

I 48 

I 52 

1 56 

2 

• • 


I 21 

I 25 

T 29 

I 33 

I 37 
I 41 

I 45 
149 

I 53 

1 57 

2 I 


I 16 
I 19 
I 23 

I 27 

I 31 
I 34 
I 38 
I 42 

I 45 
I 49 

1 52 


I 12 
I 16 
I 19 
I 23 
I 26 
I 30 
I 34 
I 37 
141 
144 

• • 


I 14 
I 18 
I 21 
I 25 
I 29 
I 33 

I 37 
I 41 

I 44 
I 48 

I 52 


I 21 
I 25 
I 30 

134 
1 38 
I 42 
147 
I 51 
I 55 
1 59 

• • 





TABLES. 
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Table VII. — Gobbbotidns fob Repbaction. 



Mean Astronomical Befraction. 
(Barom. jo inches ; Therm. 50P Fahr.), 


Corrections when Barom. 
differs from jo inches or 
Therm, irom 50° Fahr. 
















Baroueteb. 


• 


Eefr. 


App. 


ReiSr. 


App. 


Refr. 


App. 


For each inch above or 




Alt. 


Alt. 


AH. 


below JO inches: a<2(I, 
















if above jo; <tt5(racf, if 
















below. 




/ II 


1 


/ II 


3§ 30 


1 II 





II 




2 J5 


25 50 


I 57 


I II 


20 


5 




2 34 


26 00 


X 56 


39 00 


I 10 


25 


4 




2 J2 


26 10 


I 55 


39 30 


I 09 


30 


3 




2 JI 


26 20 


I 55 


40 CO 


X 08 


35 


3 




2 29 


26 JO 


I 54 


41 00 


I 05 


40 


2 




2 28 


26 40 


I 53 


42 00 


I OJ 


45 


2 




2 27 
2 26 


26 50 


I 52 


4? 00 


I 01 


50 


2 




27 00 


I 51 


4400 


59 


55 


X 




2 25 


27 15 


I 50 


45 00 


057 


60 


I 




2 24 


27 JO 


1 49 


46 00 


55 


65 


I 




2 2J 


27 45 


148 


47 00 


53 


70 


I 




2 21 


28 00 


I 47 • 


48 00 


051 








7. 20 


28 15 
28 JO 


I 46 
I 45 


49 00 

50 00 


049 
48 








2 19 




• 




2 18 


28 45 


1 44 


51 00 


46 




THERMOSrETKK. 




2 12 
2 16 
2 15 


29 00 
29 JO 
JO 00 


I 42 
I 40 
I j8 


52 00 
Si 00 
54 03 


044 

4J 
41 
40 
j8 
37 


App. 

Alt. 


For each decree above or 
below 5cPFahr.: — «u6- 




2 14 
2 I? 
2 12 


JO JO 

JI 00 

31 30 


I 37 
I 35 
I 11 


55 0-) 

56 00 

57 00 




tracty if above 50P; odd, 
if below. 








2 II 


J2 oo 


I 31 


58 00 


035 





11 




2 10 


J2 JO 


I 30 


59 00 


?4 


20 


3 




2 09 


J? 00 


I 28 


60 00 


11 


25 


3 




2.08 


3J JO 


I 26 


61 00 


32 


30 


2 




2 0-7 
2 06 


J4 00 
34 JO 


I 24 
I 2J 


62 00 
6j oo 


32 
29 


35 

40 


2 
I 




2 05 


J5 00 


I 21 


64 00 


28 


45 


I 




2 04 


35 30 


I 20 


65 00 


26 


50 


I 




2 OJ 


j6 00 


I 18 


66 00 


25 


55 


I 




2 02 


J6 30 


I 17 


6*7 oo 


24 


63 


I 




2 01 


37 00 


I 16 


68 00 


2J 


65 


I 




2 00 


37 30 


I 14 


69 00 


22 


70 







I 59 


J8 00 


I 13 


70 00 


21 








I 58 








• 
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lOBNAI. AND BEMI-NOCmBNAL ABCHBfl. gHOlTOia TBB TIKB AT 

u Settino of the Suh, Moon, ob BiicATOBiAL Stabb. 
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.°o 


,° 


,", 
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1, m 

It 
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6 

5 I 

6 \ 
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II 

si 
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"S 

6 

hi 

1 


L. m 
6 X 
6 J 

6 1 

5 4 

!l 

6 6 
6 \ 

6 lo 

1 


6 1 

\\ 

6 5 

Iji 

*!? 

if 


n 

6 It 
6 15 


I I 
\\ 

X * 

6 IS 

n 
lii 

in 

si 

11 


si 

si 




sj 

S 1 

y 

Sll 

If 
sl 

1 


si 

s i 

sii 

si; 
sji 

Si* 

sil 
\v, 

6 1? 

si 

sl 


h, tal. 

li 
til 

sil 
is 

si 

if 
si 

1 


« 1 

ii 

sii 

if 

sii 
sl 
S:i 

sg 

1 


6 J 

si 

S3 

5 iS 

s;£ 

si; 
sii 

si 

s| 

1 

6,1 

SJ! 

6 41 


6 r 

8! 

si 
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HIXTS TO TBAVELLEKa 



Table IX. — ^Distance op the Sea Hobizox 

Refbactiox.* 



rSOORHBOnCD lOB EFF1CI8CI] 



Height. 


Pi*. 

tdUMf. 


1 
Height.! 


Dto- 


Height. 


riis- 

tance. 


HcigfaL 


Dis- 


HeWht-j 


ns- 


Height^ 


F<>et. 




F«t. 




Fwt. 




F««t. : 




FecC 1 




F^et 


I'l 


1 


J90 


21 


1487 


41 


3291 


61 


9012 1 


101 


1760B i# 


J-5 


S 


42d 


22 


1561 


4» 


J5IJ I 


6j 


9191 1 


101 


181XI m 


a-o 


i 


4M 


21 


16^ 


4J 


JT40 


6f 


9T*> i 


105 


18611; 10 


14-3 


4 


510 j 


1* 


ITU 


44 


«74 


^ 


lOilJ * 


107 


i9Mo; ifl 


3J-I 


J 


5.« ! 


25 


179a 


45 


4211 


«9 


lOf It i 


109 


19M4: Ml 


HW 


6 


^ 1 


26 


1872 


45 


4l6i 


71 


10908 1 


111 


2019; ip. 


41-1 


1 


«4> ■ 




1^54 ' 


47 


4716 . 


71 


11104 : 


111 


Kri6iis 


j6'6 


S 


^ ; 


28 


2o;9 


4J 


^ » 


75 


«»709 , 


115 


212tx' IB 

1 


Ti-T 


9 


744 ! 


N 


2124 


« 


5119 ' 


77 


niio 


117 


2l8|6: Iff 


«•« 


lO 


?j: " 


so 


2213 


5o 


5524 


79 


0518 ' 


119 


2219;: m 


1^7 


11 


8« I 


$1 


2NH 


5t 


5« 


81 


129^1 


121 


n9m A 


"57 


IS 


ge6 ; 


J3 


2«tJ 


52 


60s* 


Si 


»ii9r : 


Rl 


2l5f»! * 


M^i 


*-> 


V64 


ii 


i*»5 


5J 


6*M 


85 


11816' 


«5 


24121 ■ iH 


r» 


H 


i3ij ' 


H 


2«Sl 


H 


6700 


«^ 


14282 ' 


"7 


24T«' * 


iw 


!« 


i=*l 


J5 


»"-T 


55 


7M3 


»» 


H7r 


i^ 


25J37' rf| 


3» 


i6 


»i4: 


;6 


2775 


56 


71J2 


V 


1519: 


111 


25911 : ni 


2«^ 


f« 


nil 


r* 


2^5 


57 


-6?6 


91 


15664 


US 


i6?2i' m 


2*7 


il 


ir-i 


^ 


K"- 


?J 


79*: 


95 


■61J9 


U5 


27119 nJ 


?N 


cv) 


l^C 


}^ 


?C«}X 


» 


8;» 


ST 


i46S2 


■r 


2r:«4 rn 


5^ 


to 


i+i'> 


-9^ 


n» 


•XT 


8M 


99 


17111 


«19 


2S196: n» 



. ..^t.r-/uij,.i«kc:&ty III.* JidCiirctf viei.'u! li mlli» itt ui! «iaan toot «f dhe be^^ iaftclAX 






ifibrMrkl 



j 
1 


h 


• = S==siEStEai!ESEgSSS?5JESJiJi 


1 


JfSIHHE'JJISHHsJIssiUfir 


1^ 


aCtcEEEtEtKKSSKSStSgHHS 


£ 

^ 


MSffiisasaEJstssrsjsfssgsjajs 


t5ii¥iSi«S55?sfSs5i««»i«5 




«SS€"S«SsSsllKllfJ*S»JnSlfli 




5S=5SS=5SSiiHHS*SiSS5S=SiSS 


i 


fSJSSafS^lfsKfSSfSI-fSBsSISIS 


•- 


?B5^^J^J?J^J^^H^S^S5??^K»r 


1 


KKHSsHSHrnniKSSHHHf 
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i 23. Tables * fob thb Determination of Heights. By Fbangis 

GalTON, M.A.^ 7.B.S. - 
By the Temperature of Boiling Watery ^c. 

Enter Table I., p. 182, with the boiling-point at each of the two stations, 
and extract the numbers that stand opposite to them in the column headed 
" Altitudes, &c.'* The difference between these numbers gives the dif- 
ference of height between the two stations, supposing the mean tempera- 
ture of the intermediate air to be 32° Fahr. The correction for the 
temperature of the air, when it differs from this value, is given in 
Table IT. We take the mean of the thermometers (exposed in shade) at 
the upper and lower stations, and we enter Table II. with that mean 
value, and the number that stands opposite to it, in the column headed 
*' Multiplier," must be multiplied with the results obtained from Table I. 
Thus:— 

At station A the boiling-point = i95°*i, tabular number = 9040 
B „ =2io°-3, „ • = 887 



n 



Approximate difference of height =8153 feet. 



To correct for temperature of intermediate air : — 
At station A, temp, of air = 65° Fahr. 



.0 



2)138 

69 = mean temperature of intermediate air. 



* These exteuded Tables will give much facility to the traveller both in 
calciilating altitudes aud in checking the index error of the aneroid, by means 
of the boiling-point thermometer. I have computed Table I. from Tables XXYI. 
and IL, in the hypsometric series in Guyot's collection. It did not seem worth 
while to correct the figures thence obtained for the slight excess of temperature, 
viz. : 0^*015 Fahr., of the French boiling point over that of the English. It is 
too small to be sensible in ordinary instraments, and it becomes totally unim- 
portant in determining differences of level, or changes in the index error of an 
aneroid.— F. Galton. 



182 



HINTS TO TBAVBLLEBS. 



In Table n. the multiplier corresponding to 69° is t-oSi.nnd 1081 x 
S153 =: 8811 (neglecting decimal fractione). 

In those rare cases where greater altitudes are dealt with than are 

included within. the limits of the table, the trayeller should allow 570 feet 

for the difference between 185° and 184°; 571 feet for that between iB+° 

and 183°; 574 feet for the next interval, and bo on. 
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When the boiling-point at the upper station alone is observed, we have 
no option but to assume 30*00 inches, or a little less, as the average height 
of the barometer at the level of the sea. The altitude of the npper station 
is then at once approximately obtained by inspection of Table L ; correct- 
ing for assumed temperature of the air at the sea-level. 

By Barometer or Aneroid. 

The small but complete Tables (pp. 187-88) will be especially useful to 
those who carry a mountain barometer and are anxious to make accurate 
determinations, but are not furnished with larger tables. These are 
calculated by Loomis, and are extracted from Guyot's collection. 

Part I. gives the altitude, subject to correction, for the temperature of 
the air, and for the other influences which are the subjects of Parts 11., 
III., IV., and V. 

Method of Computation, — (i) Take from Part I. the two numbers cor- 
responding to the two barometric heights ; (2) from their difference sub- 
tract the correction found in Part IL, with the difference between the 
thermometers that are attached to the barometers {Mem, this correction 
is not wanted for aneroids, for their works are mechanically compensated 
for temperature); (3) for the temperature of the intermediate air 
between the two stations, multiply the nine-hundredth part of the value 
already obtained by the difference between the sum of the temperatures 
at the two stations and 64°. This correction is additive when the sum 
of the temperatures exceeds 64°, otherwise it is subtractive; or, what 
comes to the same thing, use the multiplier already given in Table II. 
p. 184. (4) For further precision take corrections from Parts III. and IV., 
also from Part V., when the lower station is so high as to bring the case 
within the range of that table : — 
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(^Example,) Upper station. Lower Station by Sea. 

o o 

Thennometer in open air .. .. 70*3 .. 77*5 

Thermometer in barometer . . . . 70 * 3 . . 77*5 

Inches. Inches. 

Barometer .. .. 23*66 .. 30*046 

Latitude 21°. 

Part I. gives \ ^^^ ^^ ' ^^^ i^^ches 27649 • 7 

I for 23*66 inches 21406*9 

Difference 6242*8 

Part 11. gives for 77^*5 - 7o°*3 (= 7°'2) .. .. — 16*9 

Approximate altitude . . . . 6225*9 

^.?riI9 X {77°*5 + 7o°*3- 64} =6*918 x 83*8= +579*7* 

Nearly correct altitnde .. .. 6805*6 
Part m. gives for above al titude and latitude 21° +13*3 

Part IV. gives for above altitude + 19*3 

Part V. is not used in this case o*o 

Correct height above sea .. 6838*2 feet. 



♦ If Table II., p. 184, had been used, we should have written — 

!?!:?-.+ 7°°- 3 = 740 ne^iy 

The corresponding multiplier is i '093 3 

1*0933 X 6225*9 = 68o6*8, 
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II. 
METEOROLOGY. 

By E. Straohan (of the Meteorological Office). 

Travellers may make useful meteorological observations for three 
distinct purposes: 1st, for contouring, or determining elevation above 
the sea ; &nd, for extending our knowledge of climate ; 3rd, for aiding 
synoptic investigation ; while for their own daily knowledge of the 
weather, they will be useful and interesting. 

Whatever results may be deduced from the observations, the original 
register should be carefully preserved, to afford opportunity of investi- 
gating such anomalies as may at a future time call for inquiry. Every 
observation or set of observations necessarily requires a statement of the 
time and place. It is especially necessary to record the name of the 
place, or the position, that is, the latitude and longitude, where observa- 
tions are made on the march. Observations intended to aid synoptic 
investigation must be made at some definite instant of Greenwich time. 
At present the Meteorological Bureau of the United States asks for 
observations made at 12h. 8m. p.m. Greenwich time. 

Travellers while on the march may always keep a valuable meteoro- 
logical note-book, but, when resident at any place for some time, a 
meteorological register, kept methodically, becomes more valuable. The 
hoars of observing while on the march will be dependent on the times 
of encamping and decamping, or on the necessity for determining some 
height barometrically. In residence, the hours of observing should be at 
intervals of 12, 8, 6, or 4 hours, always dividing the twenty-four hours 
into equal parts, as 2, 3, 4, or 6 ; thus, 4 a.m., 8, noon, 4 p.m., 8, and 
midnight, are the most advisable hours, local time, for observing. 

The meteorological instruments which a traveller will chiefly use are 
barometers and thermometers. Whether a barometer or its substitute, 
an aneroid, be used for contouring purposes, the same can be set up and 
registered in residence. It is advisable to keep all instruments in the 
shade, but it is especially necessary to do so with thermometers intended 
to show the temperature of the air, nevertheless they must be exposed to 
the &ee movement of the air. Inside a tent, a hut^ or a veruidAJ^^'Us^^b^ 
will commonly he too much, sheltered. On t\ie TMitOa., ot -^V^svsn^st >g3R^ 
shade cannot be had, it will be found a goo^ pVwi \.Q ^JCvsrft)^ ^ ^sjks^^Ni^ 
the top of a pocket thermometer, and wMxV tYie \n«Xx\xmcQN» to\»^^ ^ ^^'^^^ 
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length for about half a minute. By this method even in full sunshine a 
very close approximation to the true temperature of the air may be had. 

Every instrument used ought to be compared with a standard and 
tested thoroughly, both before commencing and after completing the 
journey. This is done at a trifling cost at the Kew Observatory. Instru- 
mental corrections should be carefully recorded in the register. 

A rain-gauge consists of a funnel, a collector, and a glass measure. 
The funnel should have a deep circular aperture for the reception of the 
rain not less than 8 inches in diameter. All smaller sizes are wanting in 
accuracy, nevertheless they will be preferred for portability, and if so, 
care should be taken that they are really made to the size intended. 

A small anemometer, or wind-gauge, by Lowndes, which fits into a 
small cubic box, about 4 or 5 inches in each dimension, will be foimd the 
best adapted for the requirements of travellers. 

Artificial shade may be made for the thermometers, maximum, 
minimum, dry-bulb, and wet-bulb, when in residence, by means of a 
louvre-work box, about 18 to 24 inches in height, width, and depth. It 
must be roofed at top to keep off sunshine and rain, and have sides 
like Venetian blinds, through which the air may pass with freedom. It 
should be erected 4 feet above the ground, on wooden supports. The 
bottom of the cage should be full of perforations, but not entirely open to 
radiation from the ground beneath it. The thermometer should be 
disposed about the middle of the cage. 

The observer should be careful to make it quite clear, whether the 
directions of the wind, and bearings generally, are by compass, or referred 
to the astronomical north, south, east, and west. The wind's force and 
the weather should be noted according, to the Beaufort system of 
notation, as given in most modern works on meteorology. 

In mountain districts where the conditions of temperature are fairly 

similar the traveller will find the amount of rain or snowfall roughly 

indicated by the height and variations of the snow-line, the existence of 

glaciers, and the lowest point to which they descend. This, with any 

evidence, local or oral, of recent oscillations of the ice, he should note, 

wherever possible, on both sides of the chain. Snow-beds, which are not 

necessarily indications of perpetual snow, should be distinguished from 

glaciers, a point frequently overlooked. The average height, not only of 

tlie neighbouring chains, but sepaiaM^ oi t\ieii: peaks and passes, should 

be ascertained ; a deep gap often detetmrneaXJoA <^YES»^ib q\ ^^SK^ ^seififc 

of country. 
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^ III. 

GEOLOGY. 

By W. T. Blanfoed, f.b.s. 

A traveller who has not devoted some time to studying geology in the 
field mxyst not be surprised or disappointed if the rocks of any country 
which he may happen to traverse appear to him a hopeless puzzle. If he 
desires to investigate the geological structure of an unknown region, he 
should previously devote some time to mastering, with the aid of a good 
geological map and description, the details of a well-known tract. 

Under the term " Geological Observations," two very distinct types 
of inquiry are commonly confounded. The first of these, to which 
the name of Geological Investigation ought properly to be restricted, 
consists in an examination of the rocks of a country as a whole, so as 



to enable a geological map, or, at all events, geological sections, to be 
constructed. This demands a knowledge of rocks (petrology), some 
acquaintance with the details of geological surveying, and, usually, with 
the elements of palaeontology — a science that, in its turn, requires a pre- 
liminary study of biology, and especially of zoology. Despite all these 
hard terms, any intending traveller who has a taste for geology— if he 
has none he had better not waste time upon the subject — will find that a 
few months' study in any good museum, a course of geological lectures, 
and, above all, a few days in the field with a good geologist, will stai*t 
him very fairly equipped with the great requisite to all successful scien- 
tific investigation, a knowledge of how to observe, and what to observe. 

The term " Geological Observations " is, however, often, but incorrectly, 
used in a second sense, which implies a restriction of the observations to 
the useful minerals found in any country, or to what is termed economic 
geology. Here also a preliminary knowledge of the elements of geological 
science will be found very useful, and will frequently enable the traveller 
to form much more trustworthy conclusions as to the nature and value of 
mineral deposits than he could without such a guide. But the essential 
point is to recognise a valuable mineral when seen, and for this a slight 
knowledge of mineralogy is requisite. 
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Outfit — The essential articles of a geologist's outfit are neither nmne- 
rons nor cumbrous. A very large proportion of the known geology of the 
world has been made out with no more elaborate appliances than a 
hammer, a pocket compass, with a small index to serve as a clinometer, a 
pocket lens, a note-book and a pencil. No scientific observer has to 
depend more on his own knowledge and faculty for observation, and less 
on instrumental appliances, than a geologist. 

The best hammer for general purposes should weigh from 1 to 2 lbs., 
and should have a square fiat end, and a straight cutting end — the latter 
may be horizontal or vertical, according to fancy. The ends should be of 
steel, not too highly tempered. The hole for the handle should be as lazge 
as possible (with a small hole the handles are so weak as to be liable to 
break), and the handle should be secured in the hole by a wooden wedge, 
and an iron one driven into and across the wooden one. It is advisable 
to take a few spare ash habdles. Cut a foot-measure in notches on the 
handle— this is very useful for measuring thickness of beds, &c. It is as 
well to have more than one hammer in case of loss, and if fossil-coUectiDg 
is anticipated, at least one heavy hammer, with one end fashioned to serve 
as a pick, three or four cold chisels of various sizes, and a short crow-bar ' 
will be found useful. Excellent geological hammers are those used by 
the Irish Geological Survey, and made by Kennan, of Dublin. In London, 
hammers, chisels, &c., may be procured of J. R. Gregory, 88, Charlotte 
Street, Fitzroy Square ; or of Messrs. Buck, 242, Tottenham Court Road. 

A very good pocket compass, the shape and size of a watch, with a 
clinometer arm, is made by Troughton and Sinams, 138, Fleet Street. 
The use of the clinometer is for measuring the angle of dip in rocks. 
The elaborate instruments used for mining purposes are unnecessary to 
the geologist. If more accuracy of measurement is required than is 
afforded by looking at a bed^ a section, or a hill-side, and holding the 
straight edge attached to the compass parallel to the dip, and if a sur&oe 
can be found that affords the exact inclination, it is usually practicable, 
by means of a note-book laid on the rock surface, to obtain a plane suffi- 
ciently close to that at which the beds dip to enable the angle to be deter- 
mined with a very short straight edge. As a rule, except with very low 
angles of dip, the variation in the inclination of the rocks themselves 
exceeds the limits of error of the instrument. A little care, however, is 
necessary in taking dips. 
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A prismatic compass and an aneroid are frequently of great service : 
the former to determine the position on the map, if one exists, and to 
aid in making a rough map, if there is none ; and the latter to estimate 
roughly the heights on the road travelled, especially in monntainous 
countries, and also to measure the thickness of horizontal beds. Both 
form a part of the outfit of most modern travellers. A good aneroid 
gives sufficiently accurate determinations of height for a rough but 
adequate geok)gical section across any country, if the distances are known. 

Collections, — Geological specimens require little more than paper and 
boxes for packing. Occasionally fossils or minerals are fragile and need 
tow or grass to protect them from .injury ; but there is no risk from the 
animal and vegetable enemies of zoological or botanical collections. The 
only important point to be borne in mind is that every specimen should he 
labelled on the spot, or, at all events, in the course of the day on which it is 
collected. Strong paper is best for labels, and these should not be put 
up in contact with the rock-fragments themselves, or they «rill be worn 
by sharp edges and become illegible, if not rubbed to fragments. Always 
wrap each specimen in paper, or some substitute, then add the label, and 
then an outer covering. The label,* if nothing else is written, should 
always record the locality. 

A collection of rock-specimens may show what kinds of rock occur in a 
country, but the information afforded is very meagre, and, in general, of 
very small value. Such collections, indeed, imless made by a geologist, 
and accompanied by notes, are scarcely worth the carriage. If such 
specimens are taken, care should be used to select them from the rocks 
in place, not from loose blocks that may have been transported from a 
distance, and no fragments of spar or crystals should be collected merely 
because they are pretty. 

In taking specimens of useful minerals, such as coal or metallic ores, 
the traveller should always endeavour to procure them himself frbm 

* Travellers in tropical countries wiU do wisely to poison all their labels before 
using them, to preserve them from attacks of insects and mites. Washing with a 
very weak solution of corrosive sublimate is an efficient plan. A large number 
of labels, with the collector's name printed on them, may be taken, and if made 
of strong thin paper they will not occupy much space. Bank note paper is well 
adapted for the purpose. Any writing should be if possible in ink ; if not, a very 
hard black pencil should be used. 
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the place of occurrence, and if such are brought to him by natives he 
should, if practicable, visit the locality whence the samples were procured. 
The value of all useful minerals depends both on quality and quantity; 
the former can to some extent be ascertained from a sample, but the 
amount available can only be estimated after a visit to the locality. 
Most metallic ores occur in veins or lodes. These were originally cracks in 
the rock, and have been irregularly filled with minerals, different from 
those in the neighbourhood. It is, however, very difficult, and often 
impossible, to estimate from surface examination .whether the quantily 
of ore occurring in veins is likely to prove large ; some idea may possibly 
be obtained if underground workings exist. Many of the ores of iron, 
some of those of other metals, and all coal and salt occur in beds, and 
here it is important to see what is the thickness, and to ascertain whether 
the mineral is equally pure throughout. Iron ores occur in most 
countries, and unless very pure and within easy reach of water-carriage 
are not likely to be worth transport. The value of salt also depends cm 
facilities for carriage. Coal, however, may be of value anywhere ; but it 
is improbable that seams of less thickness than four or five feet can be 
of much use, except in countries where there is a skilled mining popula- 
tion and a considerable demand for the mineral. It does not follow 
because much thinner seams are sufficiently valuable to be worked in 
Western Europe that they would, pay for extraction in a country where 
the mechanical arts are less advanced. Still the occurrence of thin seams 
is worthy of record, as thicker deposits may exist in the neighbourhood. 
It must not be inferred, however, that a seam of small thickness at the 
surface will become thicker below. Tine reverse is equally probable. 

A blow-pipe is extremely useful for ascertaining the nature of ores, and 
for determining minerals generally, and a small blow-pipe case might 
be added to a traveller's kit, if he thinks it probable that he may 
me'et with minerals in any quantity. But in general they are not to 
be found in such profusion as to render it difficult to carry away speci- 
mens sufficient for determination at leisure. A blow-pipe, too, is of no 
use to any one unacquainted with the method of employing it, though this 
is easy to acquire.* 

* Tliere are plenty of good works on the use of the blow-pipe. The best are 
hy Plattner and Scheerer, of both of which English translations have been pub- 
lished. Of Yon Kobell's tables tor the determination of minerals, several traoB- 
lationa have appeared. 
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To form a rough idea of the value of iron ore, see whether it is heavy ; 
to form some notion of the quality of coal, pile up a heap and set fire to 
it If it does not bum freely, the prospects c^ the coal being useful are 
small. It may be anthracitic, and very valuable with proper appliances ; 
but anthracite is not of the same general utility as bituminous coal. 
Good coal should bum freely, with more or less flame, and should leave 
but little ash, and it is preferable that the ash should be white, not red, 
as the latter colour is often due to the presence of pyrites, a deleterious 
ingredient. 

Gold and gems have, as is well known, been procured in consider- 
able quantities from the sands of rivers and alluvial deposits. The 
deposits known to the natives of any country are often of small value, 
and the rude methods of washing prevalent in SO many lands suffice 
to afford a fair idea of the wealtii or poverty of the sand washed. 
Grold and, wherever it is found, platinum occur in grains and nuggets, 
easily recognised by th§ir colour and by their being malleable ; but gems, 
such as diamond, ruby, sapphire, are not so easy to tell from less valu- 
able minerals. They may be recognised by their crystalline form and 
hardness. A diamond is usually found in some modification of an octo- 
hedron, and the crystalline facets are often curved; rubies and sap- 
phires are really differently coloured varieties of the same mineral and 
occur, when crystalline, in six-sided pyramids or some modification. A 
diamond is the hardest of known substances; nothing will scratch it, 
and it tnll scratch all other minerals. Sapphire will scratch everything 
except diamond. 

In collecting fossils, it is useless to take many specimens of one kind, 
unless carriage is exceptionally plentiful. Two or three good examples of 
each kind are usually sufficient, but as many kinds as possible should be 
collected. Great care is necessary that all the specimens from one bed 
be kept distinct from those from another stratum, even if the bed be 
thin and the fossils in the two beds chiefly the same species. If ther(5 
is a series of beds, one above the other, all containing fossils, measure 
the thickness roughly, draw a sketch-section in your note-book, apply 
letters or numbers to each bed in succession on the sketch, and label the 
fossils from that bed with the same letter or number. 

Bemains of Vertebrata, especially of mammals, birds and reptiles, are of 
great interest ; but it is useless to collect fragments of bones without 
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terminations. Skulls are much more important than other bones, and 
even single teeth are well worth collecting. After skulls, veitebrsB 
are the most useful parts of the skeleton, then the limb bones. If com- 
plete skeletons are found, they are usually well worth some trouble in 
transporting. If fossil bones are found abundantly in any locality, and 
the traveller has no sufficient means of transport, he will do well to carry 
away a few skulls or even teeth and carefuUy note the locality for the 
benefit of future geologists and explorers. The soil of limestone cayems, 
and especially the more or less consolidated loam, rubble, clay, or sand 
beneath the flooring of stalagmite, if it can be examined, should always 
be searched for bones, and also for indications of man or his works. 

The foregoing remarks are intended for all travellers, especially for 
those who have paid little or no attention to geology. It would be fu 
beyond the object of the present notes to attempt to give instruction in 
the methods of geological observation ; all who wish to know more folly 
what questions are especially worthy of attention, should consult the 
article on Geology by the late Dr. Charles Darwin and Professor J. Phillips 
in the ' Admiralty Manual of Scientific Enquiry.' But a few hints may be 
usefully added here for those who have already some knowledge of geology, 
who do not require to have such terms as dip, strike, fault, or denuda- 
tion explained to them, and who are sufficiently conversant with geo- 
logical phenomena to be able to distinguish sedimentary from volcanic, 
and metamorphic from unaltered rocks, and to recognise granite, gneiss, 
schist, basalt, trachyte, slate, limestone, sandstone, shale, &c., in the field. 
Assunung then that a traveller with some knowledge of field geology is 
making a journey through a tract of the earth's surface, the geology of 
which is unknown, what will be the best method of procedure and the 
principal points to which he should direct his attention ? 

On the whole, the most useful record of a journey, whether intended 
for publication or merely as a memorandum, is a sketch geological map of 
the route followed, with the dips and strikes of the rocks and approxi- 
mate boundaries to the formations, supplemented by notes and sketch- 
sections. Where, as is commonly the case in mountain-chains, and fre- 
quently iu less elevated portions of the country, the rocks are much dis- 
turbed, and especially if the number of systems exposed is large and 
the changes frequent, no traveller can expect to do more than gain a very 
rough and. general idea of the succession of beds in detail and of the 
structure; but by making excursioiiB ixi '^otvcjvjA dxt^tions, whenever a 
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halt is practicable, by searching for fossils as a guide to the age and for the 
identification of beds with each other, and by carefully noting the general 
dip and strike of the more conspicuous beds, it is often possible, es- 
pecially if an opportunity occurs of retracing the road followed, or of 
traversing a parallel route, to make 'out the structure of a country that 
at first appears hopelessly intricate. Dense forest is perhaps the worst 
obstacle to geological exploration ; snow is another, though not quite so 
serious a disadvantage. It is always a good plan to climb commanding 
peaks ; the general direction of beds, obscure from the lower ground, not 
nnfrequently becomes much clearer when they are seen from above. 

In level and undulating regions, on the other hand, it frequently 
happens that enormous tracts of country are occupied by the same 
formation, and if the rocks are soft, and especially if they are horizontal, 
or nearly so, little, if any, rock is to be seen in place. In this case 
watercourses should be searched for sections, and the pebbles found in 
the stream-beds examined, care being taken not to mistake transported 
pebbles derived from overlying alluvium or drift for fragments of the 
underlying rock. Where the same formation prevails over large tracts, 
it is usually easy, by examining the stones brought down by a stream, to 
learn whether any other beds occur. It is astonishing how even a small 
outcrop at a remote spot in the water-shed will almost always yield a few 
fragments that can be detected by walking two or three hundred yards 
up the stream-bed. 

Not unfrequently different rocks support different vegetation, and by 
noting the forms that are peculiar, the constitution of hills at a consider- 
able distance may be recognised. Thus some kinds of rock will be found 
to support evergreen, others deciduous trees, others grass, whilst a fourth 
kind may be distinguished by the poverty or want of vegetation. It is 
not well to trust too much to such indications, but they show which hills 
require examination and which do not. The form assumed by the out- 
crop of some hard beds is often characteristic, and may be recognised at 
a considerable distance. 

One most important fact should never be forgotten ; mineral character, 
whether of sedimentary or volcanic rocks, is absolutely worthless as a 
guide to the age of beds occurring in distant countries. The traveller 
should never be led to suppose, because a formation, whether sedimentary 
or volcanic, in a remote part of the world, is mineralogically and struc- 
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turally identical with another in Europe, or some country of which the 
geology is well known, that the two are of contemporaneous origin. ' The 
blunders that have been made from want of knowledge of this important 
caution are innumerable. 

There are a few points of geological interest well worthy of the inyestir 
gation of those who traverse unexplored, or partially explored,. tracts of 
the earth's surface. Amongst these are the following : — 

Mountain-Chains, — It is still a vexed question how mountain-chains 
have originated. Few, if any, geologists now believe that they were 
simply thrust up from below, all admit that, at least in the majority of 
cases, where great crumpling of the strata has taken place, there has been 
lateral movement of the earth's crust. But the causes, extent and date, 
of the lateral movements are still, to a great extent, matters of conjecture, 
and every additional series of observations bearing on the question is of 
importance. There are many mountain-chains of which very little is yet 
known. In each case good sections are required, drawn as nearly to 
scale as practicable, through the range from side to side, and including 
the rocks on the flanks. The nature and distribution of all volcanic and 
plutonic rocks, both in the range and throughout the neighbouring areas, 
are especially noteworthy, and also the relations of the later beds, if any, 
on the flanks of the mountains, to those constituting the range itself, the 
derivation of the materials of the former from the latter, and the illative 
amount of disturbance shown by the two, and by the different members 
of each. 

Volcanoes and Volcanic Bocks, — It is almost needless to say that any 
additional information on the distribution of volcanic vents, recent or 
extinct, is of interest. In the case of extinct vents, the geological date 
of the last eruptions should be ascertained if practicable. This may 
sometimes be determined by finding organic remains or sedimentary beds 
of known age interstratified with the ashes or lava-streams near the base 
of the volcano. 

Additional observations are needed as to the extent and age of those 
enormous masses of stratified volcanic rocks that occur in some parts oi 
the earth, as in the western part of the Indian Peninsula, North-eastern 
Africa, the Western States of North America, and on a smaller scale in 
parts of Europe. 

Coasts. — The subject of the erosion of coasts is now fiEurly understocxl, 



GEOLOGY. 199 

and there is no doubt that the importance of this form of denudation was 
greatly overrated by many geological writers, who took their ideas of 
geological denudation generally from the phenomena observed in the 
islands, and on some of the coasts of Western Europe. Still, wherever 
cliffs occur, they afford good sections, and deserve examination. One 
question will usually present itself to almost every geological observer, 
and that is, whether any coast he may be landing upon affords evidence 
of elevation or depression. In the former case, beds of rolled pebbles or 
of marine shells, similar to those now living on the shore, may be found 
at some elevation above high-water mark. Very often the commonest 
moUuscs in raised beds are the kinds occurring in estuaries, which are 
different from those inhabiting an open coast. Caution is necessary, how- 
ever, that heaps of shells made by man, or isolated specimens transported 
by animals (birds or hermit-crabs), or by the wind, be not mistaken for 
evidence of raised beds. If the shore is steep, terraces on the hill-sides 
may mark the levels at which the sea remained in past times, but some 
care is necessary not to mistake outcrops of hard beds for terraces. If 
dead shells of species of mollusca, only living in salt-water estuaries, are 
foand in places now beyond the influence of the tide, it is a reasonable 
inference that elevation has taken place. 

The evidence of depression, on the other hand, unless there are buildings 
or trees partly sunk in the water, is much less readily obtained, and 
neither trees nor buildings are available as evidence, unless the depres- 
sion is of comparatively recent date. The best proof is the form of the 
coast. If in tropical and sub-tropical countries deep inlets of moderate 
breadth occur, with numerous branches, a little examination will fre- 
quently show whether such inlets are valleys of subaerial erosion, as they 
Hot unfrequently are, that have been depressed below the sea. A good 
and familiar example of such a depressed valley is to be found at Milford 
Haven in South Wales. In higher latitudes, care must be taken not to 
mistake valleys excavated by glaciers, such as the friths and lochs of 
Scotland, and the fiords of Norway, for valleys of subaerial erosion that ' 
have undergone subsidence. 

Hivers and River-Plains, — At the present time a question of much 
interest is the antiquity of existing land-areas, and some light may be 
thrown upon this, if the relations of existing river-basins to those of past 
times can be determined. If a stream cuts its way through a high range. 
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it is probable that the stream is of greater antiquity than the range^ and 
either once ran at an elevation higher than the crest of the ridge now 
traversed, or else has cnt its way through the range gradually during the 
slow eli^vation of the latter. Where a river traverses a great alluYia] 
plain, it may fairly be inferred that a long range of time has been occu- 
pied in the accumulation of the deposite to form the plain ; but it remainc 
to be seen whether those deposits are not partly marine or lacustrine 
If upheaval has taken place over any portion of the plain, or if the rivei 
has cut its bed deeper, sections may be exposed, and these should always 
be examined for fossil remains. Bones of extinct animals are not unfire- 
quently found in such deposits. 

Lakes, — The mode of origin of lakes is always a subject of considerable 
geological interest. Some lakes occupy areas of depression, or valleys o1 
erosion, the drainage from which has been stopped by local elevation, 
whilst very many, and amongst them some of great size and depth, 
occur in regions that have undergone denudation from ice; and H 
is still a moot point how far the larger of these lakes are due tc 
partial changes in the elevation of the country, many excellent ob- 
servers having adopted, while others dispute the views of Sir A. Bamsay 
who believes all these hollows to have been scooped out by ice moving 
over the surface in the form of a glacier or of an ice sheet. Of the 
smaller lakes, some are dammed up by landslips^ some by glacial moraines 
and a few occupy volcanic craters. 

Evidence of Qlacial Action, — Closely connected with the subject oi 
lakes is that of glacial evidence generally. There is probably no geo- 
logical question which has produced more speculation of late years thai 
the inquiry into the traces of a comjjaratively recent cold i)eriod in the 
earth's history. Closely connected with this inquiry is the equally im- 
portant question as to the former occurrence of similar glacial epochs a1 
regular or irregular intervals of geological time. 

The evidence of the last glacial epoch may be traced in two ways— 
by the form of the surface, which has been modified by the action oi 
ice, and by changes that have taken place in the fauna and flora of the 
country in consequence of the alteration in the climate. The effects of an 
ice-sheet, like that now occurring in Greenland, if such formerly existed 
in comparatively low latitudes, must have been to round off, score and 
polish the rocks of the cotmtry in a peculiar manner^ easily recog- 
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nised by those familiar with glaciated areas.* Glaciers, properly so 
called, are confined to more mountainous countries, and the valleys 
formerly occupied by them retain more or less the form of the letter (J 
instead of taking the shape of the letter y, as they do when they have 
been cut out by running water. The sides of the valley, when modi- 
fied by a glacier, have a tendency to assume the form of slopes unbroken 
by ravines, and with all ridges planed away or rounded, whilst in ordinary 
valleys of erosion, the sides consist of a series of side valleys or ravines, 
divided from each other by sharp ridges running down to the main valley. 
Large and small masses of rock, preserving to a considerable extent an 
angular form, but frequently polished and grooved by being ground 
against the sides or bottom of the valley, are carried down by the ice, and 
either left behind, perched up high on the slopes of the valley, or accumu- 
lated in a vast heap known as a terminal moraine, at the spot where the 
ice has terminated. The nature of the rock will usually show whether 
the fragments on the side of a hill or at the bottom of a valley are 
derived from the higher parts of the drainage area, or whether they have 
merely fallen down from the neighbouring slopes. In the latter case, they 
may be due to landslips ; in the former, their shape and the erosion they 
have undergone will aid in showing whether they have been transported 
by water or ice. 

The surfaces that have been modified by earlier glacial epochs must 
in general have been long since removed by other denuding agencies, 
though in one case in Scotland, and in another in India, glaciated surfaces 
of vast geological antiquity are believed to have been discovered. The 
most important evidence of former ice action must consist in the occurrence, 
embedded in fine sediment, of large boulders, occasionally preserving 
marks of polish and striation, and usually, though not always, angular. 

It is well to search in all mountain ranges for traces of -glacial 
action. In many mountain-chains, even in comparatively low latitudes, 
proofs have been found of the existence of glaciers, at a much lower level 
than at present, dating from a comparatively recent geological period, 
whilst in other mountain regions none have been recognised. The ques- 

* Care should be taken that the peculiar scoring and grooving of rock surfaces 
produced by the action of sand transported by the wind be not mistaken for 
glacial evidence. 
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tion also whether glacial action has been contemporaneous in the two 
hemispheres is of the greatest importance, and the evidence hitherto 
adduced is of a very conflicting character. 

Deserts. — The great sandy or salt plains, with a more or less barren 
surface, that occupy a large area in the interior of several continents, have 
only of late years received due attention from geologists. A great thick- 
ness of deposits must occur in^aany of these vast, nearly level, tracts, for 
the underlying rocks are often completely concealed over immense areas. 
The investigation of the deposits is frequently a matter of great difficulty 
for want of sections ; but, where practicable, a careful examination should 
be made, and exact descriptions of the formations exposed recordecL 
Some, at all events, of these beds appear to be entirely derived from the 
air, and consist of the decomposed surfaces of rocks and the sand and 
silt from stream deposits, carried up by wind and then redeposited x)n the 
surface of the country. Such deposits are very fine, formed of well- 
rounded grains, and, as a rule, destitute of stratification. The geologist 
who has especially described these formations. Baron F. von Eichthofen, 
in his work on China, attributes to the loess of the Rhine and Danube 
valleys a similar origin. It is usual to find beds due ^ water-action, 
rain- wash and stream-deposits, interstratified with the subaerial accmnn- 
lations. Further observations on these formations are desirabla The 
occurrence of blown sands, the origin of these accumulations, and the 
peculiar ridges they assume, usually at right angles, but in some remark- 
able cases parallel to thje prevailing winds, are questions deserving of 
additional elucidation. 

Early History of Man in Tropical Climates, — Very little has been dis- 
covered as to the races of men formerly inhabiting tropical regions. It is 
evident that a race unacquainted with fire could only have existed in a 
climate where suitable food was procurable throughout the year, and 
this must have been in a region possessing a cHmate like that found in 
parts of the tropics at the present day. It is possible that an investi- 
gation of the cave deposits in the tropics may throw some light on 
this subject. "Kitchen middens,'* as they are termed — the mounds 
that have once been the refuse-heaps of human habitations — ^are also 
worthy of careful examination. 
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IV. 

NATURAL HISTORY. 

By H. W. Bates, f.b.s., Assistant Secretary, R, G.S, 

h the present state of biological science, travellers who intend to devote 

themselves specially to the zoological or botanical investigation of new 

or little-known countries, require to be trained for the work beforehand, 

and will be necessarily well-informed as to methods and appliances. It 

is not for them that these ' Hints ' are drawn up, but for general travellers 

and explorers, who, whilst engaged chiefly in survey, wish to know how 

best to profit by their opportunities of benefiting science by collecting 

new or rare species, and how to preserve and safely transmit their 

specimens. The observations refer only to explorations by land. 

Outfit.* — A double-barrel gun ; for large aquatic birds, &c., a breech- 
loader to be preferred, and wire cartridges. For Central Africa, and 
regions where large pachyderms are found, a more powerful weapon is 
also required. Mr. Thomson took with him on his recent expedition a 
breech-loading 8-gauge elephant gun, double-barrel, smooth bore, and 
weighing about 11 lbs., and fitted with a thick Silver's patent anti-recoil 
heel-plate; with its leather cover, powder-measure, bullet-fixer and 
mould, &c. 

If percussion-cap guns are used, fine powder in canisters, and fine shot, 
must be taken from England ; coarse powder and shot can be had in any 
part. A good supply of the best caps and a few spare nipples. 

Arsenical soap in tin boxes; brushes of diflferent sizes for applying 

the same : a small supply of carbolic acid, cyanide of potassium or iasect 

** killing bottles." Benzine. Thin cotton cloths, and strong thread. 

Bottle of rangoon oil. 

Scalpels, scissors (including a pair of short-bladed ones), needles and 

* Implements, &c., for collecting and preserving birds, insects, &c., can be 
obtained of Messrs. Watkins and Doncaster, Strand, W.C. ; for the larger animals, 
as well as other articles of general travelling outfit, of Messrs. Silver and Co., 
Comhill. 
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thread. Long straight forceps (similar in form to curling-irons) are very 
useful for inserting cotton into the necks of bird-skins, to avoid stretch- 
ing them ; two or three sizes. Bone nippers and screw-driver. 

A few small traps, with which to capture small (mostly nocturnal) mam- 
mals. The "Excelsior" and "Premier" traps, always set and baited, 
are recommended, as they capture small mammals without injtiring 
them. For spring traps the " American wire-traps " should be preferred, 
as they are very light and of different sizes, and a large number weigh 
little and occupy small space. 

Stone jars for reptiles and fishes in spirit ; to fit four in a box, with 
wooden partitions. If animals in spirit are to be collected largely, the 
tin collecting-case described further on, and a supply of sheet-tin or zinc, 
with a pair of soldering-irons and a suf&cieilt quantity of soft solder, must 
be taken instead of, or in addition to, stone jars. Cylindrical cases can 
then be made of any size required. By means of the soldering apparatus 
also empty powder-canisters, and other tin vessels, can be easily converted 
into receptacles for specimens. 

A short landing-net for water-molluscs and other small aquatic animals. 
A stout hoop-net (the stick, 4 or 5 feet long, crossing the hoop) for captoi- 
ing insects on the wing and for sweeping herbage for Ooleoptera, &C. ; a 
few yards of silk gauze for nets in reserve. 

A few dozen of strong and broad-mouthed bottles for collecting Oo- 
leoptera, and other hard-bodied insects. A supply of triangular paper 
envelopes for Lepidoptera, &c. Boxes of light wood of various sizes 
(about the size of cigar-boxes for insects) for storing and packing q)e- 
cimens. Tin boxes may be used in very damp climates, provided the 
contents are well dried before storing; and the general outfit of an expe- 
dition may be much lightened by having all the provisions, and other 
consumable articles, packed in tin cases, and in boxes and jars of such 
forms as may render them available for containing specimens. 

In humid tropical countries, where the ubiquitous ants are likely to 
destroy specimens befdre they are ready to be packed away, drying-cages, 
suspended from the roof of a hut or tent, are absolutely necessary. These 
can be readily made from old packing-cases, but a few square feet of wire 
gauze must be provided for the back and front of the cages, and the cord 
by which they are suspended must be threaded through a small calabash 
containing oil, to prevent ants from descending from the roofl The 
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cages may be so arranged as to take to pieces and put together again 
readily ; one, for birds, should be about 2 feet 6 inches long by 1 foot 
6 inches high and 1 foot broad ; the other, for insects and o^her small 
specimens,. may be about one-third less. They should have folditg doors 
in front, with jjanels of wire gauze, and the backs wholly of the latter 
material : the sides fitted with racks to hold six or eight plain shelves, 
which, in the smaller cage, should be covered with cork, or any soft wood 
that may be obtained in tropical countries. A strong ring fixed in the 
top of the cage, with a cord having a hook attached at the end by which 
to hang it in an airy place, will keep the contained specimens out of 
harm's way until they are quite dry, when they may be stowed away in 
their close-fitting boxes. 

A few yards of india-rubber waterproof sheeting, as temporary covering 
to collections in wet weather, or in crossing rivers. 

A set of carpenter's tools, for making boxes and packing-cases. 

Where and what to collect, — The countries which are now the least 
known with regard to their natural history, are New Guinea and the 
large islands to the east of it. Northern Australia, the interior of Borneo, 
Thibet, Indo^China, and other parts of Central Asia, Equatorial Africa, 
and the eastern side of the Andes, from east of Bogota to the south of 
Bolivia. A special interest attaches to the indigenous productions of 
oceanic islands, i,e, islands separated by a deep sea from any large tract 
of land. Those who have opportunities would not fail to make in- 
teresting discoveries by collecting specimens of the smaller animals 
(insects, molluscs, &c.) and plants in these isolated localities. Both in 
continental countries and on islands the truly indigenous species will 
have to be sought for on hills or in the remote parts, where they are more 
likely to have escaped extermination by settlers and the domestic animals 
introduced by them. In most of the better-known countries the botany 
has been better investigated than the zoology, and in all there still remains 
much to be done in ascertaining the exact station, and the range, both 
vertical and horizontal, of known species of animals and plants. This 
leads us to one point, which cannot be too strongly insisted on, namely, 
that some effective means should be adopted by the traveller to record the 
exact locality of the specimens he collects. With regard to the larger 
dried animals this may be done by written tickets attached to the 
specimens ; if insects are pinned, a ticket may be fixed on the pins ; and 
if packed unpinned in boxes, all taken in one place should beMi^L^Rk^^i^^s^ 
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and a common locality label placed with them. The first two or thiee 
letters of the locality is perhaps the readiest plan ; and when all the 
specimens taken at one place can be put into a separate box one memo* 
randnm'upon the box itself will be sufficient. Eeptiles and fishes should 
have small parchment tickets attached to them before they are placed in 
spirits. In mountainous countries the approximate height aboye the sea, 
should be noted. 

A traveller may be puzzled, in the midst of the profusion of animal 
and vegetable forms which he sees around him, to know what to secure 
and what to leave. Books can be of little service to him on a journey, 
and he had better at once abandon all idea of encumbering himself witii 
them. A few days* study at the principal museums before he starts on 
his voyage may teach him a great deal, and the cultivation of a habit of 
close observation and minute comparison of the specimens he obtains will 
teach him a great deal more. As a general rule, all species which he may 
meet with for the first time far in the interior should be preferred to 
those common near the civilised parts, and he should bear in mind that 
the few handsome kinds which attract the attention of the natives and Bfe 
offered for sale to strangers are almost sure to be species well known in 
European museums. He should strive to obtain as much variety as pos- 
sible, and not fill his boxes and jars with quantities of specimens of one 
or a few species. But as some of the rarest and most interesting species 
have great resemblance to others which may be more conmion, he should 
avail himself of every opportunity of comparing the objects side by 
side. In most countries, afi before remarked, the truly indigenous, and 
often the rarest, species are to be found only in the mountains at consi- 
derable elevation and in the primitive forests, the products of cultivated 
districts being nearly all widely distributed and well known. In botany 
a traveller, if obliged to restrict his collecting, might confine himself to 
those plants which are remarkable for their economical uses; always 
taking care to identify the flowers of the tree or shrub whose root, bark, 
leaves, wood, &c., are used by the natives, and preserving a few specimens 
of them. But if he has the good fortune to ascend any high mountain 
not previously explored, he should make as general a collection of the 
flowering plants as possible, at the higher elevations. The same may be 
said of insects found on mountains, where they occur in great diversity— 
on the shady and cold sides rather than on the sunny slopes — under 
stones, and about the roots of hei\)ag,e, ee»T^iaAl^ near springs, on sbrubs 
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and low trees, and sa forth ; for upon a knowledge of the plants and 
insects of mountain ranges depend many curious questions regarding the 
geographical distribution of forms over the earth. In reptiles, the smaller 
Batrachia (frogs, salamanders, &c.) should not be neglected, especially 
the extremely numerous family of tree-frogs ; lizards may be caught gene- 
rally with the insect sweeping-net ; the arboreal, or rock-haunting species 
seen out of reach, and the swift-running forms that inhabit sandy plains 
may be brought down with a charge of dust-shot. Snakes should be taken 
without injuring the head, which is the most important part of the body : 
a cleft stick may be used in securing them by the neck, or they may be 
shot, and on reaching camp they may be dropped into the jars of spirits. 
As large a collection as possible should be made of the smaller fishes 
and tortoises of lakes and rivers. 

Mammals and Birds. — An ordinary geographical expedition will hardly 
have the means at its disposal for bringing home many specimens of the 
larger animals. But some species in regions visited only by adventurous 
explorers are still desiderata in the large museums of Europe; and 
additional specimens of all genera of which there are numerous closely- 
allied species (e,g, rhinoceros, antelope, equus, &c.), and all the small 
nocturnal mammals would be welcome to zoologists. If only portions 
can be obtained, skulls are to be preferred. In humid tropical regions 
entire skins cannot be dried in time to prevent decay, and it is necessary 
to place thenij rolled up in small compass, in spirits. The smaller birds 
shot on an excursion should be carried to camp in the game-bag, folded 
in paper, the wounds, mouth and anus being first plugged with cotton. 
Powdered calcined gypsum will here be found very useful in absorbing 
blood from feathers, on account of the facility with which it can be 
afterwards cleared from the specimens. Dull-coloured and small birds 
are most likely to be new or interesting. 

Inunediately after killing a small mammal or bird, make a note of the 
colour of its eyes and soft parts, and, if time admits, of the dimensisons of 
its trunk and limbs. It facilitates skinning of birds to break, before com- 
mencing, the first bone of the wings a short distance above the joint, which 
causes the members to lie open when the specimen is laid on its back on 
the skinning-board. The animal should be laid with its tail towards the 
right hand of the operator, and the incision made from the breast-bone, 
nearly to the anus. A blunt wooden style is useful in commencing the 
operation of separating the skin from the flesh.. ^\ieQ.'OD.<^\<^^^S.^ ^<i'a»^5^'^ ^ 
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cut through the knee-joint and then clear the flesh from the shank as for 
as can be done, afterwards washing the bone slightly with arsenical soap, 
winding a thin strip of cotton round it, and returning it to the skin. 
Repeat the process with the other leg, and then sever, with the broad- 
bladed scissors, the spine above the root of the tail. By carefully cutting 
into the flesh from above, the spine is finally severed without injuring the 
skin of the back, and it is then easy to continue the' skinning up to the 
wings, when the bones are cut through at the place where they had pre- 
viously been broken, and the body finished as far as the commencement 
of the skull. A small piece of the skull is now cut away, together with 
the neck and body, and the brains and eyes scooped out, the inside 
washed with the soap, and clean cotton filled in, the eyes especially being 
made plump. Li large-headed parrots, woodpeckers, and some other 
birds, the head cannot thus be cleaned ; an incision has, therefore, to be 
made either on one side or on the top of the head, through which the 
back of the skull can be thrust a little away and then cleansed, the in- 
cision being afterwards closed by two or three stitches. The bones then 
remaining in each wing must be cleaned, which must be done without 
loosening the quill-feathers. It is much better to take out the flesh by 
making an incision on the outside of the skin along the flesh on the inner 
side of the wing. The inside of the skin must now be washed with the 
soap, and a neck of cotton (not too thick) inserted by means of the long 
narrow forceps, taking care to fix the end well inside the skull, and with- 
drawing the empty forceps without stretching the skin of the neck, and 
thus distorting the shape of the bird. Skins need not be filled up with 
cotton or any other material, but laid, with the feathers smoothed down, 
on the boards of the drying-cage until they are ready to be i)acked in 
boxes. Each skin should be kept in a separate roll of brown paper, 
and store boxes should be lined with brown paper, which is avoided by 
insects. Li very humid climates, like that of Tropical America, oxide of 
arsenic in powder is preferable to arsenical soap, on account of the sldns 
drying quicker ; but it cannot be recommended to the general traveller, 
owing to the danger attending its use.* 
In mammals the tail off'ers some diflBculty to a beginner. To skin it, 

* For further information about collecting birds, formula for making arsenical 
soap, &c., we may refer the traveller to Hume's * Collector's Vade Mecum ' 
(Quaritch, London. Price 2«.) 
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the root (after severing it from the spine) shonld be secured by a piece of 
strong twine^ which should then be attached to a nail or beam ; with two 
pieces of flat wood (one placed on each side of the naked root), held firmly 
by the hand and pulled downwards, the skin is made rapidly to give way 
generally to the tip. The tails of some animals, however, can be skinned 
only by incisions made down the middle from the outside. The larger 
mammal skins may be inverted, and, after washing with the soap, dried 
in the sun : as before remarked, it is often necessary to roll them up and 
preserve in spirit. 

The skins of small mammals and birds, after they are quite dry, may be 
I)acked in boxes, which must be previously well washed inside with 
arsenical soap, lined with paper, and again covered with a coating of the 
soap and well dried in the sun. This is the very best means of securing 
the specimens from the attacks of noxious insects, which often, to the 
great disgust of the traveller, destroy what he has taken much pains to 
procure. When wood is scarce, as in the interior of Africa, boxes may be 
made of the skins of antelopes or other large animals by stretching them, 
when newly stripped from the animal, over a square framework of sticks, 
and sewing up the edges : after being dried in the sun they make excellent 
packing-cases. 

Preserving Mammals^ <fcc., in Alcohol, — In the interests of science the 
preservation, in alcohol, of mammals and birds, as well as of reptiles, 
fishes and Crustacea, is to be preferred, and the traveller is earnestly 
recommended to adopt this plan, especially with regard to the smaller 
specimens, dried skins of which are almost useless for scientific purposes. 
On this subject Dr. G. E. Dobson sends us the following ' Hints ' : — 

The general collecting-case should be made of strong block tin, rect- 
angular in form, about 2 feet x 1 foot x 1 foot 8 inches in height, having 
in the top a circular aperture from 6 to 8 inches in diameter, closed by a 
well-fitting brass screw cap, the flange of which is made air-tight by a 
well-greased leather collar. This should fit accurately into a similarly 
shaped box of inch boards, having a simple flat lid (not projecting beyond 
the sides), secured by eight long screws, and provided with a strong iron 
handle. This case should be filled with the strongest methylated spirit 
procurable (in foreign countries over-proof rum, brandy, or arrack will 
suit equally well). If circumstances admit, two or more such cases 
should be taken, or four wide-mouthed earthenware jars placed in a 
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square wooden case and separated by light wooden partitions, haying 
their mouths closed by well-fitting bungs tied down with bladder and 
skin. On arrival at the collecting station one of the jars should be half 




filled with spirit from the tin case. Into this each specimen, as it is 
obtained, haying a long slit made in the side of the abdomen, should be 
put, and allowed to remain 24 hours before being transferred to the 
general collecting case. When the latter can hold no more, the specimens 
should be removed one by one and packed in the moist state in the other 
wide-mouthed jars, one above the other, like herrings in a cask, each 
rolled in a piece of thin cotton cloth, in which a label, having the locality 
and date written in pencil, is placed. When the jar has been thus filled 
to the mouth a glass or two of the strong spirit (kept in reserve) should 
be poured in so as to fill up interstices, but not to appear on the surface, 
which should be covered with a thick layer of cotton wool. A few drops 
of carbolic acid, if the spirit be weak, will greatly aid its preserving 
powers. The bung should then be replaced, secured round the margin 
outside with a mixture of tallow and wax, and tied down securely with 
bladder or skin, and the name of the collector and district written legibly 
outside. The jar is now ready for transmission to any distance, for 
specimens thus treated will keep good in the vapour alone of strong spirit 
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for months. Other jars may be filled in like manner, and, finally, the 
general collecting-case. Incisions should invariably be made in the sides 
(not in the centre Une) of all animals, so as to allow the spirit to enter, 
and no part of the intestines should be removed. In the case of tortoises 
the opening may be made in the soft parts round the thighs ; if this be 
not done the body soon becomes distended with gases. Frogs should 
always be first placed in weak spirit, and after .soaking for one or two 
days, be removed to strong alcohol. Crabs should be rolled up alive in 
thin cotton cloths, secured by thread tied round ; they are then readily 
killed by immersion in alcohol ; if this be not done they lose many of 
their limbs in their dying struggles. 

Preparation of Skeletons of Animals. — ^In many cases it will be found 
impossible to preserve the whole animal, especially if of large size, but it 
may advantageously be converted into a skeleton by attention to the 
following directions by Prof W. H. Flower, p.r.s. : — 

If the animal is of small size — say not larger than a fox — take off the 
skin, except from the feet below the wrist and ankle joints. If it is 
intended to preserve the skin as a zoological specimen as well as the 
skeleton, the bones of the feet should all be left in the skin ; they can be 
easily extracted afterwards, and will be preserved much more safely iu 
their natural covering. Eemove all the contents of the abdominal and 
thoracic cavities ; also the larynx, gullet, and tongue. In doing this be 
careful to leave attached to the base of the skull the chain of bones which 
supports the root of the tongue. These may either be left in connection 
with the skull, or cleaned separately and tied to the skeleton. Then 
clear away, with the aid of a knife, as much as possible of the flesh from 
the head, body, and Hmbs, without cutting or scraping the bones, or 
separating them from each other. At any intervals that may be neces- 
sary during this process it will be desirable, if practicable, to leave the 
body in water, so as to wash away as much of the blood as possible from 
the bones, and a few days' soaking in water frequently changed will be 
an advantage. 

The body, with all the bones held in connection by their Ligaments, 
should then be hung up to dry in a place where there is a free current of 
air, and out of the way of attacks from animals of prey. Before they get 
hard the limbs may be folded by the side of the body in the most con- 
venient position, or they may be detached and placed inside the trunk. 
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When thoroughly dry the skeletons may be packed in boxes with any 
convenient light packing material between them. Each should be well 
wrapped in a separate piece of paper or canvas, as sometimes insects will 
attack the ligamentary structures and allow the bones to come apart. 

If it can be avoided, skeletons should never be packed up as long as 
any moisture remains in them, as otherwise decomposition will go on in 
the still adhering soft parts, causing an unpleasant smell. 

If the animal is of larger size, it will be most convenient to take it 
partially to pieces before or during the cleaning. The head may be 
separated from the neck, the vertebral column divided into two or more 
pieces, and the limbs detached from the trunk ; but in no case should 
the small bones of the feet be separated from one another. The parts 
should then be treated as above described, and all packed together in a 
canvas bag. 

In the cetacea (porpoises, &c.), look for two small bones suspended 
in the flesh, just below the vertebral colimm, at the junction of the 
lumbar and caudal regions (marked externally by the anal apertnie). 
They are the only rudiments of a pelvis, and should always be preserved 
with the skeleton. 

If there is no opportunity of preserving and transporting entire 
skeletons, the skulls alone may be kept. They should be treated as 
above described, picked nearly clean, the brain being scooped out 
through the /oramen mcignum, soaked for a few days in water, and dried. 

Every specimen should be carefully labelled with the seientifio or 
popular name of the animal, if known, and at all events, the sex, the 
exact locality at which it was procured, and the date. 

For the purpose of making entire skeletons, select, if possible, adult 
animals ; but the skulls of animals of all ages may be advantfigeously 
collected. 

Collectors of skins should always leave the skull intact. The common 
practice of destroying its hinder part for the purpose of getting out the 
brain is unnecessary, and greatly diminishes the value of the specimens. 

Reptiles and Fishes, — The following ' Hints ' have been communicated 
by Mr. Osbert Salvin, who collected these animals most successfully in 
Guatemala : — 

Almost any spirit will answer for this purpose, its fitness consisting in 
tJbe amount of alcohol contained in it. In all cases it is best to procure 
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the strongest possible, being less bulky, and water can always be obtained 

to reduce the strength to the requisite amount. When the spirit sold 

retail by the natives is not sufficiently strong, by visiting the distillery the 

traveller can often obtain the first runnings (the strongest) of the still, 

which will be stronger than he requires undiluted. The spirit used should 

be reduced to about proof, and the traveller should always be provided 

with an alcoholometer. If this is not at hand, a little practice will enable 

him to ascertain the strength of the spirit from the rapidity with which 

the lyibbles break when rising to the surface of a small quantity shaken in 

a bottle. When the spirit has been used this test is of no value. When 

reptiles or fish are first immersed, it will be found that the spirit becomes 

rapidly weaker. Large specimens absorb the alcohol very speedily. The 

rapidity with which this absorption takes place should be carefully 

watched, and in warm climates the liquid tested at least every twelve hours, 

and fresh spirit added to restore it to its original strength. In colder 

climates it is not requisite to watch so closely, but practice will show what 

attention is necessary. It will be found that absorption of alcohol will 

be about proportionate to the rate of decomposition. Spirit should not 

be used too strong, as its effect is to contract the outer surface, and thus, 

closing the pores, prevent the alcohol from penetrating through to the 

inner parts of the specimen. The principal point, then, is to witch that the 

strength of the spirit does not get helow a certain point while the specimen is 

(ibsorhing alcohol when first put in. It will be found that after two or three 

days the spirit retains its strength: when this is the case, the specimen 

will be perfectly preserved. Spirit should not be thrown away, no 

matter how often used, so long as the traveller has a reserve of sufficient 

strength to bring it back to its requisite strength. 

In selecting specimens for immersion, regard must be had to the 
means at the traveller's disposal. Fish up to 9 inches long may be placed 
in spirit, with simply a slit cut to allow the spirit to enter to the entrails. 
With larger specimens, it is better to pass a long knife outside the ribs, so 
as to separate the muscles on each side of the vertebrsB. It is also as well 
to remove as much food from the entrails as possible, taking care to leave 
all these in. The larger specimens can be skinned, leaving, however, the 
intestines in, and simply removing the flesh. Very large specimens pre- 
served in this way absorb very little spirit. All half-digest^ food should 
be removed from snakes and animals. In spite of these precautions, 
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specimens will often appear to be decomposing ; but, by more constant 
attention to re-strengthening the spirit, they will, in most cases, be 
preserved. 

A case (copper is the best), with a top that can be unscrewed and 
refixed easily, should always be carried as a receptacle. The opening 
should be large enough to allow the hand to be inserted ; this is to hold 
freshly-caught specimens. When they have become preserved, they can 
all be removed and soldered up in tin or zinc boxes. Zinc is best, as it 
does not corrode so easily. The traveller will find it very convenient to 
take lessons in soldering, and so make his own boxes. If he takes them 
ready made, they had best be arranged so as to fit one into another before 
they are filled. When moving about, all specimens should be wrapped in 
calico or linen or other rags to prevent their rubbing one against the 
other. This should also be done to the specimens in the copper case when 
a move is necessary, as well as to those finally packed for transmission to 
Europe. These last should have all the interstices between the specimens 
filled in with cotton- wool or rags. If a leak should occur in a case, speci- 
mens thus packed will still be maintained moist, and will keep some time 
without much irjuiy. Proof spirit should be used when the specimens 
are finally packed, but it is not necessary that it should be fresh. 

Land and Freshwater MoUtisca* By Lieut.-Col. H. H. Godwin- Austen, 
F.R.s. — Always most abundant on limestone rocks. Search for under the 
larger stones lying about the ground, or under fallen trees and logs in the 
woods and forests. Will be generally found adhering to the surface of 
the stone or wood. Many species are often only 0*05 inch in length, so 
very close examination is necessary. In damp spots, generally in ravines 
with a northerly aspect, the dead leaves when damp with dew in the early 
morning may be turned over one by one, and the under surface examined 
for minute species, and larger species will be found very frequently 
on the surface of the ground below the layer of decaying vegetable matter 
Tear off the bark of decaying trees also. In the drier parts of the country 
some species are only to be found among the roots of shrubs, and at con- 
siderable depth ; by digging them out and shaking the earth on to paper, 
small shells may be found on close examination. At a dry place like 

* Much useful infonnation may be found in the ' Manual of the MoUusoa,* by 
&. P. Woodward, F.G.S., one of Weale's scries. An admirable book in small form. 
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Aden, I should expect to find most of the land-shells alive in such a 
habitat. Look well in caves in limestone on the damp surface of the 
rock; some forms hide themselves under a coating of earthy matter. 
Search also on damp moss and rock near waterfalls. 

Some species will be found high up on the bushes and trees. This is the 
habit of certain African forms especially ; not so in India. A very good 
idea may at first be obtained of the land-shells of a country by the 
examination of the beds of the streams, either along the highest flood-line, 
or in the fine sand and mud where it collects in the bed; such land- 
shells will usually be old and bleached, but the living will not be far oflf. 
T?he leaves and stems of water plants should be examined, and ConfervsB 
taken out of the water and well washed in a basin ; in this, and the mud 
of ponds and still rivers, many minute shells may be found. 

The best way of preserving minute shells is to put them into glass tubes 
and use wool to stop them, it is better than cork. Capital collecting tubes 
can be made out of the smaller species of bamboo and the large grasses. 
A certain number of all species (at least a dozen) should be preserved in 
spirit for the sake of the anatomy. It is best to kill them first in water 
and then put them into the spirit; if this is not done they contract, so 
that it is impossible to form any idea of the form of the mantle and 
other parts, or they become so hard they are difficult to cut up. 

A good method of keeping the small shells and slugs, especially in 
spirit, is to put them into a small tube with a label, plug with wool, and 
then place in a large jar, capable of holding three or four dozen such 
small tubes. 

Other small shells, i to f of an inch in diameter, may be put into pill- 
boxes at once, for in a dry climate they very soon dry up. The very 
large animals may be removed by boiling them in water, but when time 
does not admit of attending to the cleaning of the shells, species such as 
unios may be put into empty soup-tins and then filled up with dry 
sand. 

It is very important to make a few notes on the colour of the animal, 
attaching a number for reference on the box or in the tube, and the 
operculum, when present, should always be preserved. 

With respect to slugs, note the surface of the mantle, and always the 
form of the extremity of the foot, whether pointed or provided with a 
mucous pore ; and again the lobes of the mantle. Preserve in spirit as 
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above. Drawings from the living animal are invaluable, and should be 
made if possible. Very little is known of the Asiatic forms ; they are of 
much interest, and have been very little collected. 

Insects. — Many of the most local and interesting insects of a country 
are not to be found without a knowledge of their habits, and some are 
nocturnal. In wooded and mountainous countries, they must be searched 
for in dead wood, under logs, stones, fallen fruit, or moss, in folded leaves^ 
on sandy fiver banks, and under shingle, about roots of herbage, in smaU 
dead vertebrated animals, &c., &c. The best way of forming a collection 
is to pin and set out the captures of each day before retiring to rest, and, 
after drying them, to store the specimens in air-tight corked-boxes. It is 
only thus that good museum specimens can be obtained, and the colours 
and fine hairy clothing preserved with which many species are furnished 
But on a journey of exploration this is quite impracticable, and all 
travellers, including professional natural history collectors, now adopi 
more summary and compact methods ; laying all the hard-bodied tribes 
in prepared sawdust, and folding all the delicate-winged species in small 
triangular paper envelopes. The former class, when captured, should be 
placed in broad-mouthed collecting bottles, containing a nunute piece ol 
cyanide of potassium, or in insect " killing bottles," which may be obtained 
at any taxidermist's, to kill them si)eedily, failing which, a twisted piece 
of rag should be placed in the bottles to prevent the specimens mutilating 
each other. On reaching camp the contents should be shaken out (into 
boiling water if not already killed), and then placed in boxes, between 
layers of large-grained or sifted and well-dried sawdust. The under side 
of the lid of the box should be moistened with carbolic acid, which will 
prevent the attacks of insects or moisture, but the sawdust itself should 
not be sprin'kled with the acid, otherwise the colours of the contents will be 
tarnished. When the box is filled the lid may be lightly nailed down, and 
is then ready for transmission home. In collecting ants, it is necessary tc 
open nests at the time of swarming, and secure the winged individuals 
as well as the wingless workers of various sizes, of each species, the whole 
set being kept together and duly labelled. To facilitate this, the set may 
be lightly gummed on cardboard before placing them in sawdust. The 
more delicate-winged insects, such as butterflies, moths, dragon-flies, &c., 
should be killed by pressing the breast underneath the wings with thumb 
and forefinger (taking great care not to injure the wings), and then 
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dropping them with closed wings each into its paper envelope (a supply 
of which is to be taken in a satchel on every excursion) ; on reaching 
camp the envelopes, thns filled each with its specimen, should be packed, 
without pressing them too tightly, in boxes. Spiders and Crustacea, land 
and fresh-water, may be collected in bottles containing spirit, where they 
may remain ; but spirits should not be used for any other class of insects, 
except when intended for dissection of the internal parts, as alcohol 
distorts the forms and destroys the colours and pubescence. 

BotcmicaZ Collecting, By J. Ball, p.b.s. — ^To obtain good specimens 
of dried plants in a condition serviceable to scientific men, the following 
are the chief points to be observed : — 

1. Selection of Specimens, — The object is to give as much information 
as possible respecting the plant which it is intended to collect. Small 
plants not exceeding 16 inches in height should be collected entire with 
ihe roots. Slender plants of greater dimensions may be folded to the 
same length, and may often be collected entire. Of larger plants, shrubs, 
and trees, the object is to show as much as possible of the plant within 
the limit of the size of your drying paper. As an universal rule, both 
the flower and fruit (seed vessel) should if possible be preserved. Of 
those plants wherein the male and female flowers grow separately, both 
should, if possible, be collected. 

2. Conveyance of Specimens to Camp or Station, — Tin boxes made for the 
pnrpose are generally used in Europe for carrying botanical specimens 
untU they can be placed in the drying press. They answer sufficiently 
well in cool weather, but in hot countries specimens are often partly 
withered before they can be laid out ; and a rough portfolio into which 
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the plants can be put when (or soon after) they are gathered, is much to 
te preferred. 

Such a portfolio is easily prepared with two sheets of millboard con- 
i^ected by an endless tape, so as to be easily slung over the shoulder ; 
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between these about thirty or forty sheets (60 to 80 folds) of thin sofi 
(more or less bihnlons) paper may he carried and kept iti place by a etnp 
or piece of twine. With two such portfolios a traTeller can carry osnun; 
plants as it is poaaihle to colieot with advantage in a day. As bomm 
' possible after being gathered, the specimeBs may be laid rot^hly between 
tbe sbeeta of paper ; except in the case of delicate Sowers, no special care 
IS needed, and no harm comes of two or three being put t<^ether. 

3. The Drying Frees. — The great object both to secure good specimeM 
and to save labour and weight of paper, is to get the plants dried qtiickly; 
and for this one of the first conditions is to lose as little tinte as possible. 
Wton practicable, the specimens should always be put in the press rai 
the same day on which they are gathered. The press should be xoade 
with two outer gratings of iron wire ; the outer frame of strong wire, 
about a quarter of an inch in diamet«r — the size being that of the ptqiec 
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used. Between these the paper is laid. As to the choice of drying papa, 
the general rule is, that the coarser it is the better, provided it be quite 
or nearly qnite free from size. 

To enable the plants to |ry quickly, the traveller should be provided 
with light wooden gratings of the same size as the drying paper. I think 
the size IS inches x 12 inches is qnite la^e enough. The iron wire 
outer gratings may with advantage be a qnarter of an inch longer and 
broader to save the edges of the wooden gratings. 

These should be made of light laths fastened with a few nails (all the 
better if these are of copper), the interstices should be rather less than 
three-quarters of an inch, at all events not more. Their use is io allow 
tbB air to circnlate through the pile of plants that are being dried. One 
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should be inserted at each interval of about two inches (counting the 
drying paper and the plants laid out for drying), and when this is done, 
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the parcel may with advantage be exposed to the sun or placed near a fire, 
as the case may be. In dry warm climates, the majority of plants may be 
dried in the course of a few days, and fit to pack up, without any need of 
changing the drying paper in which they were originally placed ; but in 
damp weather, and in regard to plants of thick fleshy foliage, it is usually 
necessary to change the paper more than once before the specimens are 
thoroughly dry. 

The pile of paper, with plants between each five or six thicknesses of 
paper, and gratings at intervals of about two inches, should be squeezed 
between the outer (iron) gratings by means of two strong straps. Too 
much pressure is not desirable. For a pile ten or twelve inches thick, 
the parcel may be pulled nearly as tight as a moderate man can do 
it; but in proportion as the thickness is less, the pressure should be 
moderated. 

Plants with fleshy leaves are very diflBcult to dry well. The best way 
is to dip them in water quite boiling for a minute or less, then to lay 
them between a few sheets of drying paper with slight pressure, merely 
to remove the exterior moisture, and then place them (when externally 
dry) in the drying press. Plants collected in rain should be treated in 
a similar way to remove outer moisture before it is attempted to dry 
them. 

4. When once dry, plants may be packed away between paper of almost 
any kind. Old newspapers answer very well. The only precaution 
needed is to preserve them from insects. 

The chief trouble in collecting plants is to get the paper already 
used thoroughly dry before it is again employed. The best resource in 
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dry climates is to stretch cords and hang these papers exposed to sun 
and air. Artificial heat must be resorted to in wet seasons, /md the 
process is then slow and troublesome. 

Fossils, — The collection of fossils and minerals (except, in the case of 
the discovery of new localities, for valuable metals) is not to be recom- 
mended to the traveller, if he is not a geologist. Fossils from an unex- 
plored country are of little use unless the nature and order of sujwr- 
position of the strata in which they are found can be at the same time 
investigated. In the cases, however, of recent alluvial strata or the sup- 
posed beds of ancient lakes, or deposits in caves, or raised sea-beaches 
containing shells or bones of vertebrate animal the traveller will do 
well to bring away specimens if a good opportunity offers. If the plan of 
the expedition includes the collection of fossil remains, the traveller will, 
of course, provide himself with a proper geological outfit, and obtain the 
necessary instructions before leaving Europe. ( Vide Geology, ante, p. 196.) 

All collections made in tropical countries should be sent to Europe 
with the least possible delay, as they soon become deteriorated or spoilt 
unless great care be bestowed upon them. Dry skins of animals and 
birds may be packed in wooden cases well lined and* padded with 
brown i)aper. Shells and skulls should be provided with abundance of 
elastic padding, such as cotton. Boxes containing pinned insects and 
Crustacea should be packed in the middle of larger boxes and surrounded 
by an ample bed of hay or other light dry elastic material ; unless this 
last point is carefully attended to, it will be doubtful whether such collec- 
tions will sustain a voyage without more or less serious injury. 

Observations of Habits, &c. — Travellers have excellent opportunities of 
observing the habits of animals in a state of nature, and these ' Hints ' 
would be very deficient were not a few words said upon this subject. To 
know what to observe in the economy of animals is in itself an accom- 
plishment which it would be unreasonable to expect the general traveller 
to possess, and without this he may bring home only insignificant details, 
contributing but little to our stock of real knowledge. One general rule, 
however, may be kept always present to the mind, and this is, that any- 
thJng concerning animals which bears upon the relations of species to their 
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conditions of life is well worth observing and recording. Thus, it is im- 
portant to note the Yarions enemies which each species has to contend 
with, not only at one epoch in its life, but at every stage from birth to 
death, and at diflferent seasons and in different localities. The way in 
which the existence of enemies limits the range of a species should also 
be noticed. The inorganic influences which inimically affect species, 
especially intermittently (such as the occurrence of disastrous seasons), 
and which are likely to operate in Umiting their ranges, are also import- 
ant subjects of inquiry. The migrations of animals, and especially any 
facts about the irruption of species into districts previously uninhabited 
by them, are well worth recording. The food of each species should be 
noticed, and if any change of customary food is observed, owing to the 
failure of the supply, it should be carefully recorded. The use in nature 
of any peculiar physical conformation of animals, the object of ornamen- 
tation, and so forth, should also be investigated whenever opportimity 
occurs. Any facts relating to the interbreeding in a state of nature of 
allied varieties, or the converse — that is, the antipathy to intercrossing 
of allied varieties — ^would be extremely interesting. In short, the tra- 
veller should bear in mind that facts having a philosophical bearing are 
much more important than mere anecdotes about animals. 

To observe the actions of the larger animals, a telescope or opera-glass 
will be necessary. The traveller should bear in nund, if a microscope 
is needed in his journey, that by unscrewing the tubes of the telescope in 
which all the small glasses are contained, a compound microscope of 
considerable power is produced. 
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V. 

ANTHROPOLOGY. 

By E. B. Ttlor, d.o.l., p.b.b. 

The characters of men's bodies and minds being matters of common 
observation, Europeans not specially trained in anthropology, who have 
happened to be thrown among little-known tribes, often bring home 
valuable anthropological information. Though explorers traders and 
colonists have made their way into almost every comer of the earth, it is 
surprising to find how many new facts may still be noted down by any 
careful observer. If familiar with anthropological methods, he will, of 
course, observe more and better. The hints here given will serve to 
draw attention to interesting points which might otherwise be overlooked. 
Directions for such investigation, drawn up in much greater detail, will 
be found in the small British Association manual entitled : * Notes and 
Queries on Anthropology ' (Stanford, Charing Cross). 

Physical Characters, — On first coming among an unfamiliar race, s^ch 
as the Negroes, the traveller is apt to think them almost alike, till after a 
few days he learns to distinguish individuals more sharply. This first 
impression, however, has a value of its own, for what he vaguely per- 
ceived was the general type of the race, which he may afterwards gain 
a more perfect idea of by careful comparison. Among tribes who for 
many generations have led a simple uniform life and mixed little with 
strangers, the general likeness of build and feature is very close, as may 
be seen in a photograph of a party of Caribs or Andamaners, whose 
uniformity contrasts instructively with the individualised faces of a party 
of Europeans. The consequence is that the traveller among a rude people, 
if he has something of the artist's faculty of judging form, may select 
groups for photography which will fairly represent the type of a whole 
tribe or nation. While such portrait-groups are admirable for giving the 
general idea of a race, characteristic features belonging to it should be 
treated separately. For instance, to do justice to the Tartar eye or the 
Australian forehead the individual feature must be carefully sketched 
or photographed large. 
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How deceptive mere muneasiired impressions of size may be is shown 
by the well-known example of the Patagonians, who, though really only 
tall men (averaging 5 feet 11 inches), long had the reputation of a race of 
giants. Such measurements as any traveller can take with a measuring- 
tape and a three-foot rule with sliding square are good if taken with 
proper precautions. As the object of the anthropologist is to get a 
general idea of a race, it may be in some respects misleading to measure 
at random one or two individuals, who are perhaps not fair specimens. 
If only a few can be measured, they should be selected of ordinary average 
build, full-grown but not aged. What is much better is to measure a 
lai^e number (20 to 50) of persons taken indiscriminately as they come, 
and to record the measurements of each with sex, age, name, locality, &c. 
Such a table can afterwards be so classified as to show not only the 
average or mean size, but the proportion of persons who vary more or 
less from that mean size; in fact, it represents on a small scale the 
distribution of stature, &c., in the whole people. Gigantic or dwarfish 
individuals, if not deformed, are interesting as showing to what extremes 
the race may run; The most ordinary measurements are height, girth 
round chest, fathom or length of outstretched arms, length of arm from 
shoulder and leg from hip, length of hand and foot. The traveller may 
find that such measuring of another race shows very different stature and 
girth from that of his own companions, who, if they are well-grown Euro- 
peans, may stand 5 feet 8 inches to 6 feet, and measure 34 to 36 inches 
round the chest. Beyond this, he will find that the relative proportions 
of parts of the body differ from those he is accustomed to. An example 
of this is seen by placing Europeans and negroes side by side, and 
noticing how much nearer the knee the negro's finger-tips will reach. 
It will be found that body measurement needs skill in taking the corre- 
sponding points, and in fact all but the simplest measures require some 
knowledge of anatomy. This is especially the case with skull measure- 
ments. There are instruments for taking the dimensions of the living 
head, and with care and practice the untrained observer may get at 
some of the more conspicuous, such as the relative length and width 
of the skull, as taken by hatters. This roughly indicates the marked 
difference between dolichokephalic or long-headed peoples, like the 
African negro, and brachykephalic or short-headed peoples, like the 

'lalmuks and other Tartars. Attention should be paid also to the degree 
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of prognathism or projection of jaw^ which^ in some races^ as the 
Australian, gives a " mnzzle " unlike the English type. "Where practicable, 
native skeletons, and especially skulls, should be sent home for accurate 
examination. How far this can be done depends much on the feeling of 
the people ; for while some tribes do not object to the removal of bones, 
especially if not of their own kinsfolk, in other districts it is hardly safe 
to risk the displeasure of the natives at the removal of the dead — a 
feeling which is not only due to affection or respect, but even more to 
terror of the vengeance of the ghosts whose relics have been distturbed. 

In describing complexion, such terms as ** brown " or '* olive,*' so often 
used -without further definition in books of travel, are too inexact to be of 
use. Broca's scale of colours (see the Anthropological ' Notes and Queries ') 
gives means of matching the tints of skin, hair, and eyes; if this is not 
forthcoming, the paint-box should be used to record them. Among rude 
tribes, the colour of the skin is often so masked by paint and dirt that 
the subject must be washed to see the real complexion. Hair is also an 
important race-mark, varying as it does in colour from flaxen to black, and 
also in the form and size of the hairs ; for instance the American Indians' 
coarse straight hair seems almost like a horse's tail in comparison with 
the Bushman's hair with its natural frizz of tiny spirals. Locks of hair 
should therefore be collected. The traveller, however, will oft;en find 
some difficulty in getting such specimens, from the objection prevalent in 
the uncivilised world of letting any part of the body, such as hair and nail- 
clippings, pass into strangers' hands lest they should be used to bewitch 
their former owner. Even in such countries as Italy, to ^sk for a lock of 
a peasant-girl's hair may lead to the anthropologist being suspected of 
wishing to practice love-charms on her. 

Differences of temperament between nations are commonly to be 
noticed ; for instance, in comparing the shy and grave Malays with the 
boisterous Africans. It is an interesting but difficult problem how far 
such differences are due to inherited race-character, and how far to such 
social influences as education and custom, and to the conditions of life 
being cheerfcd or depressing. Nor has it yet been determined how far 
emotions are differently expressed by different races, so that it is worth 
while to notice particularly if their smiling, laughing, frowning, weeping, 
blushing, &c., differ perceptibly from ours. The acuteness of the senses 
of sight hearing and smell, among wild peoples is often remarkable, but 
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this subject is one on which many accounts have been 'given which 
require 'sifting. The skill of savages in path-finding and tracking 
depends in greats measure on this being one of their most necessary arts 
of life, to which they are trained from childhood, as, in an inferior degree, 
gipsies are with us. The native hunter or guide's methods of following 
the track of an animal or finding his own way home by slight signs, such 
as bent twigs, and keeping general direction through the forest by the sky 
and the sheltered sides of the trees, are very interesting, though when 
learnt they lose much of their marvellous appearance. The testing of the 
mental power of various races is an interesting research, for which good 
opportimities now and then occur. It is established that some races are 
inferior to others in volume and complexity of brain, Australians and 
Africans being in this respect below Europeans, and the question is to 
determine what differences of mind may correspond. Setting aside the 
contemptuous notions of uneducated Europeans as to the minds of " black- 
fellows " or " niggers," what is required is to compare the capacity of two 
races under similar circumstances. This is made difficult by the fact 
of different training. For instance, it would not be fair to compare the 
European sportsman's skill in woodcraft and hunting with that of the 
native hunter, who has done nothing else since childhood; while, on 
the other hand, the European, who has always lived among civilised 
people, owes to his education so much of his superior reasoning powers, 
that it is mostly impossible to get his mind into comparison with a 
savage's. One of the best tests is the progress made by native and 
European children in colonial or missionary schools, as to which it is 
commonly stated that children of African or American tribes learn as fast 
as or foster than European children up to about twelve, but then fall 
behind. Even here it is evident that other causes beside mental power 
may be at work, among them the discouragement of the native children 
when they become aware of their social inferiority. The subject is one 
of great importance, both scientifically and as bearing on practical 
government. 

Both as a matter of anthropology and of practical politics, the 
suitability of particular races to particular climates is of great interest. 
Sometimes this depends on one race being free from a disease from which 
another suffers, as in the well-known immunity of negroes from yellow 
fever. Or it may be evident that tribes have become acclim&tisft.^^ '^'^^ •«>&. 
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to resist influences which are deadly to strangers; for instance, the 
Khonds flourish in the hills of Orissa, where not only Eurcq)eans but 
the Hindus of the plains sicken of the malaria in the unhealthy season. 
That such peculiarities of constitution are inherited and pass into the 
nature of the race, is one of the keys to the obscure problem of the origins 
of the various races of man as connected with their spread over the 
globe. As yet this problem has not passed much beyond the stage of 
collecting information, and no pains should be spared to get at facts thus 
bearing on the history and development of the human species. European 
medical men in districts inhabited by uncivilised races have pften made 
important observations of this kind, which they are glad to communicate, 
though being occupied with professional work they do not follow them 
up. In aU races there occur abnormal varieties, which should be 
observed with reference to their being hereditary, such as Albinos, 
whose dead-whiteness is due to absence of pigment from the skin. 
Even such tendencies as that to the occurrence of red hair where the 
ordinary hue is black, or to melanism or diseased darkening of the 
skin, are worth remark. It is essential to discover how far these descend 
from parents to children, which is not the case with such alterations as 
that of the Chinese feet, which, in spite of generations of cramping, 
continue of the natural shape in the children. 

Language, — Before coming to actual language, remark may be made on 
the natural communication of all races carried on by pantomimic signs 
without spoken words. This is the ** gesture-language " to which we 
are accustomed among the deaf-and-dimib, and which sometimes also 
comes into practical use between tribes ignorant of one another's lan- 
guages, as on the American prairies. It is so far the same in principle 
everywhere, that the explorer visiting a new tribe, having to make frequent 
use of signs to supplement his interpreter, or to eke out his own scanty 
knowledge of the native language, soon adapts himself to the particular 
signs in vogue. He will observe that, as to most common signs, such 
as asking for food or drink, or beckoning or warning off a stranger, he 
understands and is understood quite naturally. Signs which are puzzling 
at first sight will prove on examination to be intelligible. Some are 
imitative gestures cut short to save trouble, or they may have a meaning 
which was once evident, like the American Indian sigo for dog, made 
hr trailing two forked fingers, which does not show its meaning now, but 
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did so in past times, when one principal occupation of the dog was to 
trail a pair of tent- poles fastened on his back. Besides its practical use, 
the gesture-language has much scientific interest from the perfect way in 
which it exposes the working of the human miad, expressing itself by a 
series of steps which are all intelligible. It will be particularly observed 
that it has a strict syntax; for instance, that the quality or adjective 
must always follow the subject or substantive it is applied to. Thus, " the 
white box " may be expressed by imitating the shape and opening of a box, 
and then touching a piece of linen or paper to show its colour; but if 
the signs be put in the contrary order, as in the English words, the 
native will be perplexed. It is worth while, in countries where gesture- 
language is regularly used, to note down the usual signs and their exact 
order. 

In recording a vocabulary of a language not yet reduced to form in a 
grammar and dictionary, the traveller may seek for equivalents of the 
principal classes of words in his own grammar: verbs, substantives', 
adjectives, pronouns, prepositions, &c. But the structure of the language 
he is examining will probably differ from any he is familiar with, the 
words actually used not coming precisely into these classes. The best 
method is for the traveller to learn a simple sentence, such as, " the men 
are coming," and to ascertain what changes will convert them into " the 
men are going/' '' the women are coming." He thus arrives at the real 
elements of the language and the method of combining them. Having 
arrived at this point, he will be able to collect and classify current ideas, 
such as the following : — 

Actions— B& stand, walk, sleep, eat, strike, see, make, &c. 

Natural Objects and Elements — as sun, moon, star, mountain, river, fire, 
water, &c. 

Man and other Animals— B& man, woman, boy, girl, deer, buck, doe, 
eagle, eagles, &c. 

Parts of Body — as head, arm, leg, skin, bone, blood, &c. 

Trees and Plants. 

Nwrmrals (noticing how far they extend, and whether referring to 
fingers). 

Instruments and Appliances— b^ spear, bow, hatchet, needle, pot, boat, 
cord, house, roof, &c. 

Q 2 
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Arts and Pastimes — as picture, paint, carving, statue, soilg, dance, toy, 
game» riddle, (&c. 

Family Relationships (as defined by native custom). 

Social and Legal Terms— b& chief,* freeman, slave, witness, pumshment, 
fine, &c. 

Beligiotis Terms — as soul, spirit, dream, vision, sacrifice, penance, &c. 

Moral Terms — as truth, falsehood, kindness, treachery, love, &c. 

Abstract Terms, relating to time, space, colour, shape, power, cause, &c. 

The interjections used in any language can be noted, whether they are 
organic expressions of emotion, like oh ! ugh ! ur-r-r ! or sounds the nature 
of which is not so evident. Also imitative words which name animals from 
their cries, or express sounding objects or actions by their sounds, are 
ccNnmon in all languages, and strike the stranger. Examples of such are 
kafir-kah for a crow, tiuonk for a frog, pututu for a shell-trumpet, haitschu 
for to sneeze. When such imitative words are noticed passing into other 
meanings where the coonection with sound is not obvious, they become 
interesting facts in the development of language ; as, to take a familiar 
example from English, the imitative verb to puff becomes a term for light 
pastry and metaphorically blown-up praise. 

It is only when the traveller has a long and close acquaintance with a 
tribe, that he is able to deal satisfactorily with the vocabulary and 
structure of their language. To be able to carry on a conversation in 
broken sentences is not enough, for an actual grammar and dictionary is 
required to enable philologists to make out the structure and affinities 
with other languages. It used to be customary to send out English lists 
of thirty or forty ordinary words to have equivalents put to them in native 
languages. As every detail of this kind is worth having, these lists 
cannot be said to be quite worthless, but they go hardly any way 
toward what is really wanted. They are liable to frequent mistakes, as 
when the barbarian, from whom the white man is trying to get the term 
" foot," answers with a word meaning *' my leg," which is carefully taken 
down and printed. Such poor vocabularies cannot even be relied on to 
show whether a language belongs to a particular family, for the 
very word which seems to prove this may be borrowed. Thus, in a 
Melanesian island, the word for five is lima, which is doubtless a regular 
Polynesian word, but it by no means proves that the language of the 
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island in question is a real Polynesian language like the Maori. The 
islanders have, in fact, adopted it from Polynesians with whom they have 
been in contact, as other Melanesians *have adopted the numbers six, 
seven from the English missionaries. While it is best not to underrate 
the difficulty of collecting such information as to a little-known dialect 
as wiU be really of service to philology, it must be remembered that 
travellers still often have opportunities of preserving relics of languages, 
or at any rate special dialects, which are on the point of dying out unre- 
corded. Where no proper grammar and dictionary has been compiled, it 
is often possible to find some European or some native interpreter fairly 
conversant with the language, with whose aid a vocabulary may be 
written out and sentences analysed grammatically, which, when read 
over to intelligent natives and criticised by them, may be worked into 
good linguistic material. It is worth while to pay attention to native 
names of plants, minerals, &c., as well as of places and persons, for these 
are often terms carrying significant meaning. Thus ipecactmnhxi is stated 
by Martins to be i-pe-caa-gaene, which, in the Tupi language of Brazil, 
signifies " the little wayside plant which makes vomit." 

Arts and Sciences. — The less civilised a nation is, the ruder are their 
tools and contrivances ; but these are often worked with curious skill in 
getting excellent results with the roughest means. Stone implements 
have now been so supplanted by iron that they are not easily found 
in actual use. If a chance of seeing them occurs, as, for instance, 
among some Californian tribe, who still chip out arrow-heads of obsidian, 
it is well to get a lesson in the curious and difficult art of stone-imple- 
ment making. In general, tools and implements differing from those of 
the civilised world, even down to the pointed stick for root-digging and 
planting, are worth collecting, and to learn their use from a skilled hand 
often brings into view remarkable peculiarities. This is the case with 
many cudgel- or boomerang-like weapons thrown at game, slings or spear- 
throwers for hurling darts to greater distances than they can be sent by 
hand, blow-tubes for killing birds, and even the bow-and-arrow, which in 
northern Asia and America shows the ancient Scythian or Tartar form, 
having to be bent inside out to string it. Though fire is now practically 
made almost everywhere with flint and steel or lucifers, in some districts, 
as South Africa or Polynesia, people still know the primitive method of 
fire-making by rubbing or drilling a pointed stick into another piece of 
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wood. Europeans find difficulty in learning this old art, which requires 
some knack. As is well known to sportsmen, different districts have 
their special devices for netting, trapping and other ways of taking 
game and fish, some of which are well worth notice, such as spearing 
or shooting fish under water, artificial decoys, and the Bpring-traps 
set with bent boughs, which are supposed to have first suggested the 
idea of the bow. While the use of dogs in hunting is found in most parts 
of the world, there is the utmost variety of breeds and training. Agri- 
culture in its lower stages is carried on by simple processes ; but interest- 
ing questions arise as to the origin of its grain and fruits, and the altera- 
tions in them by transplanting into a new climate and by ages of culti- 
vation. Thus in Chili there is found wild what botanists consider the 
original potato ; but while maize was a staple of both Americas at the time 
of Columbus, its original form has no more been identified than that of 
wheat in the Old World. The cookery of all nations is in principle known 
to the civilised European ; but there are special preparations to notice, 
such as bucaning or drying meat on a hurdle above a slow fire, broiling 
kibabs, or morsels of meat on the skewer in the East, &c. Many peoples 
have something peculiar in the way of beverages, such as the chewed 
Polynesian kava, or the South American mate sucked through a tube. 
Especially fermented liquors have great variety, such as the kumiss from 
mare's milk in Tartary, the pomhe or millet-beer of Africa, and the hvass 
or rye-beer of Russia. The rudest pottery made by hand, not thrown 
on the wheel, is less and less often met with, but ornamentation trace- 
able to its being moulded on baskets is to be seen ; and calabashes, joints 
of bambu, and close-plaited baskets, are used for water-vessels, and even 
to boil in. Among the curious processes of metal-working contrasting 
with those of modern Europe, though often showing skill of their own, 
may be mentioned the simple African smelting-forge by which iron-ore is 
reduced with charcoal in a hole in the ground, the draught being sup- 
plied by a pair of skins for bellows. Li the far East a kind of air-pump 
is used, of which the barrels are hollowed logs. The Chinese art of 
patching cast-iron with melted metal surprises a European, and the 
Hindu manufacture of native steel (wootz) is a remarkable process. No 
nation now exists absolutely in the Bronze Age, but this alloy still 
occupies something of its old place in Oriental industry. As an example 
of the methods still to be seen, may be mentioned the Burmese bell- 
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founding, which is done, not in a hollow mould of sand, but by what 
in Europe is called the cire perdue process, the model of the bell being 
made in bees-wax and imbedded in the sand-mould, the wax running 
out as the hot metal is poured in. The whole history of machinery is 
open to the traveller, who still meets with every stage of its develop- 
ment, from savagery upward. He sees, for instance, every tilling imple- 
ment from the stake with fire-hardened point, and the hoe of crooked 
branch, up to the modern forms of plough. In like manner he can trace 
the line from the rudest stone-crushers or rubbers for grinding seed or 
grain up to the rotating hand-mills or querns still common in the East, 
and surviving even in Scotland. From time to time some special con- 
trivance may be seen near its original home, as in South America the 
curious plaited tube for wringing out the juice from cassava, or the net 
hammock which still retains its native Haitian name hamaca. Archi- 
tecture still preserves in different regions interesting early stages of 
development, from the rudest l^eakwinds, or the beehive huts of wattled 
boughs, up to houses of logs and hewn timber, structures of mud and 
adobes, and masonry of rough or hewn stone. Even the construction of 
the bough-hut or the log-house often has its peculiarities in the arrange- 
ments of posts and rafters. Among the modes of construction which interest 
the student of architectural history is building with rough imhewn stones. 
Many examples of " rude stone monuments " are to be seen on our own 
moors and hills. The most familiar kinds are dolmens (i.e. "table-stones ") 
formed by upright stones bearing a cap-stone ; they were burial-places, 
and analogous to the cists or chambers of rough slabs within burial- 
mounds. Less clearly explicable are the single standing-stones or menhirs 
(i.e. " long-stones "), and the circles of stones or cromlechs. Ancient and 
obscure in meaning as such monuments are in Europe, there are regions 
where their construction or use comes down to modern times, especially 
in India, where among certain tribes the deposit of ashes of the dead in 
dolmens, the erection of menhirs in memory of great men, and even 
sacrifice in stone circles, are well-known customs. The traveller may 
also sometimes have opportunities of observing the ancient architectural 
construction by fitting together many-sided stones into what are some- 
times called Cyclopean walls, a kind of building which seems to have pre- 
ceded the use of squared blocks, fastened together with clamps or with 
mortar. Vaulting or roofing by means of courses of stones projecting 
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inwards one course above the other (much as children build with their 
wooden bricks), so as to form what architects call a "false arch," is 
an ancient mode of construction found in various parts of the world 
where the " true arch " with its keystone has not superseded it. It often 
appears that rude nations have copied the more artistic buildings of 
higher neighbours, or inherited ancient architectural traditions. Thus 
traces of Indian architecture have found their way into the islands of 
the Eastern Archipelago, and hollow squares of mud-built houses 
round a courtyard in northern Africa have their plan from the 
Asiatic caravanserai. In boat-building some primitive forms, as the 
" dug-out," hollowed by the aid of fire from a tree-trunk, and the bork- 
canoe, are found in such distant regions that we cannot guess where they 
had their origin. When, however, it comes to the outrigger-canoe, this 
belongs to a district which, though very large, is stiU limited, so that we 
may at least guess whereabouts it first came into use, and it is important 
to note every island to which it has since travelled. So there is much 
in the peculiar build and rig of Malay prahus, Chinese junks, &c., which 
is worth noting as part of the history of ship-building. This may suffice 
to give a general idea of the kind of information as to local arts which it 
is worth while to collect, and to illustrate by drawings and photographs 
of objects too large to bring away. 

Naturally, nations below the upper levels of culture have little or no 
science to teach us, but many of their ideas are interesting as marking 
stages in the history of the human mind. Thus, in the art of counting, 
which is one of the foundations of science, it is common to find the 
primitive method of counting by fingers and toes still in practical use, 
while in many languages the numeral words have evidently grown up 
out of such a state of things. Thus the word Ziwia, lately mentioned, 
meant " hand," before it passed into a numeral for five. All devices for 
counting are worth notice, from the African little sticks for units and 
larger sticks for tens, up to the ball-frames with which the Chinese and 
Russian traders reckon so rapidly and correctly. It is a sign of lowness in 
a tribe not to use measures and weights, and where these appear in a 
rough way, it is interesting to discover whether vague lengths, such as 
finger, foot, pace, are used, or whether standard measures and weights have 
come in. If so, these should be estimated according to our standards 
ffit)] as much accuracy as possible, as it may thus became possible to 
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ascertain their history. In connection with this comes the question of 
money, as to whether commerce is still in the rudimentary stage of 
exchanging gifts, or has passed into regular barter, or risen to regular 
trade, with some sort of money to represent value, even if the circulating 
medium be only cowries, or bits of iron, or cakes of salt, all which are 
current money to this day in parts of Africa. Outside the present higher 
civilisation, more or less primitive ideas of astronomy and geography will 
be found to prevail. Among tribes like the American Indians the obvious 
view suggested by the senses still prevails, that the earth is a flat round 
disc (or sometimes square, with four quarters or winds) overarched by a 
solid dome or firmament, on which the sun and moon travel — in inland 
countries going in and out at holes or doors on the horizon, or, if the sea 
bounds the view, rising from and plunging into its waves at sunrise and 
sunset. These early notions are to us very instructive, as they enable us 
to realise the conceptions of the universe which have come down to us 
in the ancient books of the world, but which scientific education has 
uprooted from our own minds. With these cosmic ideas are found among 
the lowest races the two natural periods of time, namely, the lunar month 
and the solar year, determined by recurring winters, summers, or rainy 
seasons. Such tribes divide the day roughly by the sun's height in 
the sky, but among peoples civilised enough to have time-measures and 
the sun-dial, there is a tolerably accurate knowledge of the sun's place at 
the longest and shortest days, and, indeed, throughout the year. The 
astronomy of such countries as India has been of course described by 
professional astronomers ; but among ruder nations there is still a great 
deal uniecorded — for instance, as to the constellations into which they 
map out the heavens. This likening stars and star-groups to animals and 
other objects is almost universal among mankind. Savages like the Aus- 
tralians still make fanciful stories about them, as that Castor and Pollux 
are two native hunters, who pursue the kangaroo (Capella) and kill him 
at the beginning of the hot season. Such stories enable us to tmderstand 
the myths of the Classical Dictionary, while modem astronomers keep up 
the old constellations as a convenient mode of mapping out the sky. As 
to maps of the earth, even low tribes have some notion of their principle, 
and can roughly draw the chart of their own district, which they should 
be encouraged to do. Native knowledge of natural history differs from 
much of their rude science in its quality, often being of great positive 
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yalue. The savage or barbarian hunter knows the animalB of his own 
region and their habits with remarkable accuracy, and inherited expe- 
rience has taught him that certain plants have industrial and medicinal 
uses. Thus, in South America the Europeans learnt the use of India- 
rubber or caoutchouc, which the native tribes were accustomed to make 
into vessels and playing-balls, and of the Peruvian bark or cinchona, 
which was already given to patients in fever. 

Here a few words may be said of magic, which, though so utterly futile 
in practice, is a sort of early and imsuccessful attempt at science. It is 
easy, on looking into the proceedings of the magician, to see that many of 
them are merely attempts to work by false analogy or deceptive associa- 
tion of ideas. The attempt to hurt or kill a person by cutting or piercing 
a rude picture or image representing him, which is met with in all the 
four quarters of the globe, is a perfect example of the way in which 
sorcerers mistake mere association of ideas for real cause and effect 
Examined from this point of view, it will be found that a large pro- 
portion of the magic rites of the world will explain their own meaning. 
It is true that this is not the only principle at work in the magician^s 
mind; for instance, he seems to reason in a loose way that any extra- 
ordinary thing will produce any extraordinary effect, so that the peculiar 
stones and bits of wood which we should call curiosities become to the 
African sorcerer powerful fetishes. It will often be noticed that arts 
belonging to the systematic magic of the civilised world, which has its 
source in Babylon and Egypt, have found their way into distant lands 
more readily indeed than useful knowledge, so that they may even be met 
with among barbaric tribes. Thus it has lately been pointed out that the 
system of lucky and imlucky days, which led the natives in Madagascar 
to kill many infants as of inauspicious birth, is adopted from Arabic 
magic, and it is to be expected that many other magical arts, if their 
formulas are accurately described, may in like manner be traced to their 
origin. 

iSociety, — One of the most interesting features of savage and barbaric 
life is the existence of an imwritten code of moral conduct, by which 
families and tribes are practically held together. There may be no laws 
to punish crime, and the local religion may no more concern itself 
directly with men's behaviour to one another than it did in the South 
/Sea Islands, But among the roughest people there is fEunily affection, 
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and some degree of pantnal help and trust, without which, indeed, it is 
obvious that society would break up, perhaps in general slaughter. Con- 
sidering the importance of this primitive morality in the history of 
mankind, it is unfortunate that the attention of travellers has been so 
little drawn to it that our information is most meagre as to how far 
family affection among rude tribes may be taken to be instinctive, like 
that of the lower animals, or how far morality is produced by public 
opinion favouring such conduct as is for the public good, but blaming 
acts which do harm to the tribe. It is desirable to inquire what conduct 
is sanctioned by custom among any people, whether, for instance, infanti- 
cide is thought right or wrong, what freedom of l>ehaviour is approved in 
youths and girls, and so on. For though breaches of custom may not 
be actually punishable, experience will soon conviQce any explorer among 
any rude tribe that custom acts in regulating their life even more strictly 
than among ourselves. The notion of even savages leading a free and 
unrestrained life is contradicted by those who know them best ; in fact, 
they are bound in every act by ancestral custom. While each tribe thus 
has^ its moral standard of right and wrong, this differs much in different 
tribes, and one must become intimately acquainted with any people to 
ascertain what are really their ruling principles of life. Accounts have 
been often given of the natural virtue and happiness of rude tribes, as in 
the forests of Guyana or the hills of Bengal, where the simple native life 
is marked by truthfulness, honesty, cheerfulness and kindness, which 
contrast in a striking way with the habits of low-class Europeans. There 
are few phenomena in the world more instructive than morality thus 
existing in practical independence either of law or religion. It may still 
be possible to observe it for a few years before it is altered by contact 
with civilisation, which, whether it raises or lowers on the whole the 
native level, must supersede in great measure this simple family morality. 
The unit of social life is the family, and the family is based on a 
marriage-law. Travellers who have not looked carefully into the social 
rules of tribes they were describing, or whose experience has been of 
tribes in a state of decay, have sometimes reported that marriage hardly 
existed. But this state of things is not confirmed as descriptive of any 
healthy human society, however rude; in fact the absence of definite 
marriage appears incompatible with the continued existence of a tribe. 
Therefore statements of this kind made by former visitora sho\sl<L \^ 
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carefully sifted, and marriage-laws in general deserve careful study. 
The explorer may hardly meet with marriage at so low a stagiB that the 
nnion can be described as little beyond annual pairing; but where 
divorce is almost unrestricted, as in some African tribes, there is more 
or less approach to this condition, which is possible, though unusual, 
under such laws as that of Islam. Polygamy, which exists over a large 
part of the globe, is a well understood system, but information is less 
complete as to the reasons which have here and there led to its opposite, 
polyandry, as among the Toda hill-tribes and the Nairs in South India. 
Among customs deserving inquiry are match-making festivals at spring- 
tide or harvest, when a great part of the year's marriages are arranged. 
This is not only often done among the lower races, but traces of it remain 
in Greece, where the dances at Megara on Easter Tuesday are renowned 
for wife-choosing, and in Brittany, where on Michaelmas Day the girls 
sit in a row decked in all their finery on the bridge of Penz6, near Morlaix. 
The custom of bride-capture, where the bridegroom and his friends make 
show of carrying off the bride by violence, is known in Europe as a relic 
of antiquity, as in ancient Rome, Wales within the last century or two, or 
Tyrol at the present day ; but in more barbaric regions, as on the Malay 
peninsula or among the Kalmuks of North Asia, it may be often met with, 
practised as a ceremony, or even done in earnest. On the other hand, 
restrictions on marriage between kinsfolk or clansfolk are more prominent 
among the lower races than in the civilised world, but their motive is even 
now imperfectly imderstood. Partly these restrictions take the form we 
are accustomed to of prohibiting marriage between relatives more or less 
near in our sense, but among nations at a lower level they are apt to turn 
on what is called exogamy or " marrying-out." A tribe or people, for 
instance the Kamilaroi of Australia or the Iroquois of North America, is 
divided into hereditary clans, members of which may not marry in their 
own clan. In various parts of the world these clans are named &om some 
animal, plant or other object, and anthropologists often call such names 
" totems," this word being taken from the native name among Algon- 
quin tribes of North America. For an instance of the working of this 
custom among the Iroquois tribes, a Wolf was considered brother to a 
Wolf of any other tribe, and migbt not marry a Wolf girl, who was con- 
sidered as his sister, but he might marry a Deer or a Heron. In contrast 
with such rules ia the practice of endogamy or " marrying-in," as among 
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the Arab tribes who habitually marry cousins. But it will be found that 
the two rules often go together, as where a Hindu must practically marry 
within his own caste, but at the same time is prohibited from marrying 
in his own gotra or clan. Researches into totem-laws are apt to bring 
the traveller into contact with other relics of the ancient social institu- 
tions in which these laws are rooted, especially the practice of reckoning 
descent not on the fat>»er's side, as with us, but-on the mother's side, after 
the manner of the Lycians, whose custom seemed extraordinary to the 
Greeks in the time of Herodotus, but may be still seen in existence among 
native tribes of America. 

Another point on which travellers have great opportunity of seeing 
with their own eyes the working of primitive society, is the holding and 
inheritance of property, especially land. Notions derived from our 
modem law of landlord and tenant give place in the traveller's mind to 
older conceptions, among which individual property in land is hardly 
found. In rude society it is very generally the tribe which owns a dis- 
trict as common land, where all may himt and pasture and cut fire-wood ; 
while, when a family have built a hut, and tilled a patch of land round it, 
this is held in common by the family while they live there, but falls back 
into tribe-land if they cease to occupy it. This is further organised in 
what are now often called " village communities," which may be seen in 
operation in Russia and India, where the village fields are portioned out 
among the villagers. Those who have seen them can understand the 
many traces in England of the former prevalence of this system in 
*' common fields,'* &c. There is the more practical interest in studying 
the working of this old-world system, from the light it throws on 
projects of communistic division of land, which in such villages may 
be studied, and its merits and defects balanced. On the one hand it 
assures a maintenance for all, while on the other it limits the population 
of a district, the more so from the obstinate resistance which the council 
of "old men" who manage a village always oppose to any improved 
method of tillage. Not less perfectly do the tenures existing in many 
countries show the various stages of landholding which arise out of 
military conquest. The absolute ownership of all the land by a barbaric 
chief or king, which may be seen in such a country as Dahome, whose 
subjects hold their lands on royal sufiierance, is an extreme case. In the 



238 HINTS TO TRAVELLERS. 

East, feudal tenures of land granted for military service still have mnch 
the same results as in mediseval Europe. 

At low levels of civilisation, the first dawning of criminal law may be 
seen in the rule of vengeance or retaliation. The person aggrieved or his 
kinsfolk, if he has been killed, are at once judges and executioners, and the 
vengeance they inflict stands in some reasonable relation to the offence 
committed. Not only is such vengeance the great means of keeping order 
among such rude tribes as the Australians ; but even among half- civilised 
nations like Abyssinians and Afghans the primitive law may still be 
studied in force, carried out in strict legal order as a lex talionis, not 
degraded to mere illegal survival in outlying districts like the "vendetta" 
of modem Europe, carried on even now in spite of criminal jurisprudence 
which for ages has striven to transfer punishment from private hands to 
the state. Whether among savages, barbarians, or the lower civilised 
nations, the traveller will find everywhere matter of interesting observa- 
tion in the law and its administration. The law may be still in the state 
of unwritten custom, and the senate or coimcil of old men may be the 
judges, or the power at once of lawgiver and judge may have passed into 
the hands of the chief, who, as among the modem Kafirs, may make a 
handsome revenue by the cattle given him as fees by both sides^ a feet 
interesting as illustrating the times when a European judge took gifts as 
a matter of course. Among the nations at higher levels of culture in the 
Eaiit, for instance, most of the stages may still be seen through which the 
administration of law, criminal and civil, was given over to a trained 
legal class. One important stage in history is marked by religion taking 
to itself legal control over the conduct of a nation. The working of 
this is seen among Oriental nations, whether Mohammedan, Brahman, 
or Buddhist, whose codes of law are of an ecclesiastical type and the 
lawyers theologians. There is much to be learnt from the manner 
in which such law is administered, and the devices are interesting 
by which codes framed tmder past conditions of society are practicaDy 
accommodated to a new order of things, without professedly violating 
laws held to be sacred, and therefore unchangeable. Ordeals, which have 
n>w disappeared from legal procedure among European nations, are 
often to be met with elsewhere. Thus, in Arabia the ordeal by touching 
or licking hot iron is still known (the latter is an easy and harmless 
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trick, if the iron is quite white-hot). In Burma, outside the British 
possessions, the ancient trial of witches by " swimming " goes on. In 
many cotmtries also, symbolic oaths invoking evils on the perjurer are to 
be met with, as when the Ostyaks in Siberia swear in court by laying 
their hand on a bears head, meaning that a bear will kill them if they lie. 
It shows the carelessness with which Europeans are apt to regard the 
customs of other nations, that in English courts a Chinese is called upon 
to swear by breaking a saucer, under the entirely erroneous belief that 
this symbolic curse is a Chinese judicial oath. 

The most undeveloped forms of government are only to be met with in 
a few outlying regions, as among some of the lower Esquimaux or Rocky 
Mountain tribes, where life goes on with hardly any rule beyond such 
control as the strong man may have over his own household. Much 
oftener travellers have opportunity of studying, in a more or less crude 
state, the types of government which prevail in higher culture. It is of 
especial interest to see men of the whole tribe gathered in assembly (the 
primitive agora) to decide some question of war or migration. Not less 
instructive are the proceedings of the council of old men (the primitive 
senate), who, among American tribes or the hill tribes of India, transact 
the business of the tribe ; they are represented at a laier social stage by 
the village-elders of the Hindus or the Russians. Among the problems 
which present themselves among nations below the civilised level is that 
of the working of the patriarchal system, still prevailing among such tribes 
as the Bedaween, while often the balance of power is seen adjusting itself 
between the patriarchal heads of families and the leaders who obtain 
authority by success in war. The struggle between the hereditary chief 
or king and the military despot, who not only usurps his place but seeks 
to establish hereditary monarchy in his own line, is one met with from 
low to high levels of national life. The traveller's attention may be 
called to the social forces which do their work independently of men in 
authority, and make society possible, even when there is little visible 
authority at all. The machinery of government described in books is 
often much less really powerful than public opinion, which controls 
men's conduct in ways which are so much less conspicuous that they 
have hardly yet been investigated wikh the care they deserve. 

Religion and Mytholofjy, — While great religions, like Mohammedanism 
and Buddhism, have been so carefully examined that European students 
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often know more about their sacred books than the believers themselves, yet 
the general investigation of the religions of the world is very imperfect, 
and every effort should be made to save the details from being lost as one 
tribe after another disappears, or passes into a new belief. Missionaries 
have done much in recording particulars of native religions, and some 
have had the skill to describe them scientifically ; but the point of view of 
the missionary engaged in conversion to another faith is unfavourable for 
seeing the reasons of the beliefs and practices he is striving to upset. 
The object of the anthropologist is neither to attack nor defend the doc- 
trines of the religion he is examining, but to trace their rational origin 
and development. It is not only among the rudest tribes that religious 
ideas which seem of a primitive order may be met with, but these hold 
their place also among the higher nations who profess a " book-religion.** 
Thus the English or German peasant retains many ideas belonging to 
the ancestral religion of Thor and Woden, and the modem Burmese, 
though a Buddhist, carries on much of the old worship of the spirits of the 
house and the forest, which belongs to a far earlier religious stratum than 
Buddhism It is in many districts possible for the traveller to obtain at 
first hand interesting information as to the philosophical ideas which 
underlie all religions. All over the world, i)eople may be met with whose 
conception of soul or spirit is that belonging to primitive animism, namely, 
that the life or soul of men, beasts, or things resides in the phantoms of 
them seen in dreams and visions. Quite lately, a traveller in British 
Guyana had serious trouble with one of his Arawaks, who, having dreamt 
that another had spoken impudently to him, on waking up went quite 
naturally to his master to get the offender punished. So it is reported 
that our of&cials in Burma have considered themselves disrespectfully 
treated when the wife or servant of the person they have come to see has 
refused to wake him, the Englishman not underst^iding that these people 
hold early animistic ideas, believing the soul to be away from the s1e6X)er's 
body in a dream, so that it might not find its way back if he were dis- 
turbed. As scientific ideas of the nature of life and dreams are rapidly 
destroying these primitive conceptions, it is desirable to collect all 
information about them for its important bearing on the history of 
philosophy and religion. The same may be said as to the ancient theory 
of diseases as caused by demons, and the expulsion and exorcism of them 
as a means of cure, which may still be studied everywhere outside the 
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scientific nations. Information as to reb'gious rites is of course valuable, 
even when the foreign observer does not understand them, but if possible 
their exact meaning should be made out by some one acquainted with the 
language, otherwise acts may be confused which have really different 
souses, as where a morsel of food offered as a pious offering to an ancestral 
ghost may be taken for a sacrifice to appease an angry wood-demon. A 
people's idea as to the meaning of their own rites may ofton be very wrong, 
but it is always worth while to hear what they think of the purpose 
of their prayers, sacrifices, purifications, fasts, feasts, and other religious 
ordinances, which even among savage tribes have been long since stereo- 
tyi)ed into traditional systems. 

Mythology is intimately mixed up with religion, which not only ascribes 
the events of the world to the action of spirits, demons, or gods, but 
everywhere individualises many of these beings tmder personal names, 
and receives as sacred tradition wonder-tales about them. Thus, to 
understand the religion of some tribes, we have not only to consider the 
rude philosophy under which such objects as heaven and earth or sun and 
moon are regarded as personal beings, whose souls (so to speak) are the 
heaven-god and earth-god, the sun-god and moon-god ; but we have to go 
on further and collect the religious myths which have grown on to these 
superhuman beiilgs. The tales which such a people tell of their origin 
and past history may to some extent include traditions of real events, 
but mostly they consist of myths, which are also worth collecting, as they 
often on examination disclose their origin, or part of it. This is seen, for 
instance, in the South Sea Island tale of the god Maui, whose death, when 
he plunged into the body of his great ancestress the Night, is an obvious 
myth of the sunset. The best advice as to native mythology is to write 
down all promising native stories, leaving it to future examination to 
decide which are worth publishing. The native names of personages 
occurring in such stories should be inquired into, as they sometimes carry 
in themselves the explanation of the story itself, like the name of Great- 
Woman-Night in the Polynesian myth just referred to. Biddies are some- 
times interesting, as being myths with an explanation attached, like the 
Greek riddle of the twelve black and twelve white horses that draw the 
chariot of the day. It is not too much to say that everything which a 
people thinks worth remembering as a popular tradition, and all the more 
if it is fixed in rhyme or verse, is worth notice, as likely to contain some- 
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thing of historical value. That it may not be historically true is beside the 
question, for the poetic fictions of a tribe often throw more light on their 
history than their recollections of petty chiefs who quarrelled fifty years 
ago. The myths may record some old custom or keep up some old word 
that has died out of ordinary talk, or the very fact of their containing a 
story known elsewhere in the world may give a clue to forgotten inter* 
course by which it was learnt. 

Customs.— It remains to say a few words as to the multifarious customs 
which will come under the traveller's observation. It does not follow 
that because these may be mentioned or described in books they need not 
be further looked into. The fact is that accurate examination in such 
matters is so new, that something always remains to be made out, 
especially as the motives of so many customs are still obscure. The 
practice of artificially deforming the infant's steuU into a desired shape, 
which is not quite forgotten even in Europe, may be noticed with respect 
to the question whether the form to which the child's head is bulged or 
flattened is the exaggeration of the natural form of an admired caste or 
race. If not, what can, for instance, have induced two British Columbian 
tribes, one to flatten their foreheads and the other to mould them up to a 
peak ? In tattooing, an even more widespread practice, it is well to ascer- 
tain whether the pattern on the skin seems to have been originally tribe- 
marks or other signs or records, or whether the purpose is ornament. In 
South-east Asia the two motives are present at once, when a man has 
ornamental designs and magical charm-figures together on his body. With 
regard to ornaments and costumes, the keeping-up of ancient patterns for 
ceremonial purposes often affords curious historical hints. Thus in the 
Eastern Archipelago, the old-fashioned garments of bark-cloth are used 
in mourning by people who have long discarded them in ordinary wear, 
and another case is found among some natives of South India, whose 
women, though they no longer put on an apron of leaves as their real 
ordinary garment, wear it over a cotton skirt on festival-days. Among 
the amusements of a people, songs are often interesting musically, and 
it is well to take them down, not only for the tunes but also for the 
words, which sometimes throw light on old traditions and beliefe. 
Dancing varies from spontaneous expression of emotion to complex 
figures handed down by tradition and forming part of social and w- 
ligions ceremony. The number of popular games, in the world is smalkr 
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than would be supposed. When really attractive, they may be adopted 
from one people to another till they make their way round the world. 
Any special variety, as of ball or draughts, should therefore be noticed, 
as it may furnish evidence of intercourse by which it may have come 
from some distant nation. 

Though the subjects of anthropological interest are not even fully 
enumerated in the present chapter, some idea may have been given of the 
field of observation still open to travellers, not only in remote countries, 
but even in Europe. In taking notes, the explorer may be recommended 
not to be afraid of tedious minuteness, whereas the lively superficiality of 
popular books of travel makes them almost worthless for anthropology.* 



* More extended accounts of the departments of the Science of Man here 
noticed, and a list of woiks useful to advanced students, will be found in Tyler's 
" Anthropology : an Introduction to the Study of Man and Civilization ' (Mac- 
millan and Co., 1881). [Editors.] 
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VI. 
PHOTOGRAPHY. 

By W. F. DoKKiN, M.A., F.C.S., A.C., Lecturer in Chemistry 

at 8t, George* s Sospitcd, 

The traveller who wishes to take photographs of the scenery he may 
pass through has first to decide on the size of plate he intends to employ, 
for on this will depend the size and weight of all the necessary apparatus. 
The smallest size that is worth taking is that known as " quarter-plate," 
measuring 3^ x 4^ inches ; the largest size which admits of the apparatus 
being conveniently carried by one man is 7i x 6 inches. In countries 
where, as in India, porterage is cheap and easily obtained, larger sizes 
may be adopted, such as 8i x 61, or "whole-plate;" but for general 
utility and convenience 7i x 6 is recommended. Intermediate sizes are 
5x4, and 6^ x 41, or " half-plate." The quarter-plate and 6x4 are 
known in the trade as " pocket " apparatus ; but the pictures obtained by 
them are trivial in appearance unless subsequently enlarged. In the 
following remarks it will be assumed that Ih x 5 is the size adopted. 

The weight of the entire apparatus necessary for taking twelve pictures, 
namely, camera, slides, 12 glass plates, lenses, leather case, and tripod 
stand, will be from 20 to 25 lbs. The weight of glass plates 7^ x 5 inches 
averages 3 lbs. per dozen, and as the traveller should take with him from 
half a gross upwards, it is evident that the chief weight of the necessary 
photographic impedimenta is solid glass. The following list comprises 
all the apparatus necessary for taking photographs on dry plates. 

1. A camera. This should be of the bellows-bodied form, of best 
mahogany, and brass-bound. It should have a movable front, capable of 
shifting both vertically and horizontally ; and a double swing back ; that 
is to say, the frame carrying the focussing glass and sensitive plates must 
be capable of turning on both a horizontal and vertical axis through 
several degrees in each direction away from the normal. There are now 
many good camera-makers in London ; among the best may be named 
Mr, Meagher, of 21, Southampton Row, and Mr. Hare, of 26, Calthorpe 
Street, Grab's Inn Eoad. 



PHOTOGRAPHY. . 245 

2. Slides for holding the sensitive plates. These are frames which slide 
into the back of the camera in place of the focussing glass, which is 
removed. They each hold two sensitive plates, back to back, with an 
opaque partition between them, so that a dozen plates will require six 
slides or "double backs." Another system consists of a changing-box 
and single slide; but it is not recommended, being of delicate construc- 
tion and liable to get out of order. 

3. A focussing doth. This is used for keeping out the light while 
focussing, being thrown over the camera and the head of the operator. 
It is generally made of black velvet, but waterproof sheeting is much 
better. It should have rings sewn on to one edge, or some arrangement 
by which it may be attached to the camera so as not to be blown 
away. 

4. Camerorstand. There are many varieties of tripod stands, with legs 
either folding or sliding into a small compass. For mountainous country 
it is of great' advantage to have a stand with sliding legs, as they can be 
readily altered in length so as to stand firmly on slopes or rocky ground. 
KennettV is a good form of sliding stand, and is made in two or three 
different sizes. The smallest size, weighing about 3 lbs., and measuring 
33 in. long when closed, and standing about 4 ft. 6 in. high, is steady 
enough to support a 7i x 6 camera without perceptible vibration in a 
moderate wind. Mawdsley's is another very good pattern. 

5. A small pocket level, for levelling the camera on the tripod. 

6. Lenses, There are two essentially different forms of lens in use for 
outdoor photography; the single meniscus lens, and the doublet The 
former is the oldest, and for landscape work is by far the best lens that 
can be used. It has two slight disadvantages, however, namely, that it 
must be used with a rather small diaphragm, and that it very slightly 
distorts straight marginal lines, so that it is not so good for purely 
architectural work as the doublet lens, which works with a larger 
aperture and gives perfectly straight lines. The doublet consists of 
two exactly similar meniscus lenses, with their convex surfaces outwards. 
It is made in two forms, one with a large aperture and suitable for 
groups, portraits, and instantaneous pictures; the other with a small 
aperture and very small lenses. Of the former kind, Dallmeyer's '' rapid 
rectilinear" lens is the best that can be chosen, while Boss makes a series 
of the latter kind under the name of "portable symmetrical," varying 
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from 3 in. to 16 in. focus. They are very small and light, and all screw 
into the same flange. The traveller will find it advisable to have not 
less than three lenses of different kinds and of different focal length. 
Assuming the 7i x 5 size of plate to be selected, the following lenses are 
recommended : — 

a. Ross's portable symmetrical, 5 in. focus. (This embraces an angle 
of about 55° on the long diameter of the plate, and is useful for confined 
situations and interiors, but should seldom be used for an open land- 
scape.) b. Dallmeyer's single meniscus lens, 7 in. focus. (This includes 
an angle of about 45° on the 7i in. plate, and will be found the most 
universally useful lens for ordinary landscapes, giving a briUiant image 
with great depth of focus.) c. Dallmeyet*s rapid rectilinear, 11 in. focus, 
including about 37°. (For portraits, groups, distant views, or instan- 
taneous pictures.)* It may be noted that any doublet lens may be 
converted into a single meniscus lens of about double the focal length 
by simply removing the front lens of the combination. Considerable 
economy may be effected by purchasing lenses secondhand from respect- 
able dealers, such as Messrs. Watson and Son, 313, High Holbom ; Mr. 
Morley, 70, Upper Street, Islington, or Messrs. Hunter and Sands, of 20, 
Cranboume Street, all of whom can be recommended with confidence. 

7. Sensitive plates. The wet collodion process, as applied to landscape 
photography, is now almost a thing of the past ; and even in the studio 
it is rapidly giving way to the dry gelatine process, which for extreme 
sensitiveness has never been approached by any other process. Within 
the last few years this process has absorbed so much attention that the 
dry collodion process has been almost entirely abandoned. Gelatine 
plates are now made commercially by a large number of firms and 
of great excellence ; they keep indefinitely before exposure, and for a long 
time afterwards and before development, and under some circumstances 
(as for instantaneous pictures, portraits and dimly lighted interiors) will 
give results which could hardly be obtained at all on collodion. Gelatine 
plates are made of various degrees of sensitiveness; the slowest plates 
are best for ordinary landscape work. They are generally supplied in 



* If only landscape work is to be done, the first-named lens may be omitted, 
and if there is a choice between the other two, No. 3 should be selected, being 
oflong&i focus. 
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parcels of a dozen each, packed face to face with strips of folded paper 
between opposite edges. The card boxes in which they are usually 
packed are an insufficient protection against injury and damp. In all 
cases it is advisable, and for sea voyages and damp climates essential, to 
have each package of a dozen plates soldered down in a tin case, and 
afterwards packed in a light wooden box with tow or cotton wool, and 
the box screwed (not nailed) down. In packing them up again after 
exposure or after development, a good plan (due to Captain Abney) is to 
provide oneself with a number of cardboard frames exactly the size of the 
plates, made of strips of card about i in. wide, one of which is inserted 
between every two face to face. The packages thus made up should be 
soldered down again and treated with at least as much care as the 
original plates. 

8. A lantern. All manipulations of the plates until after development 
have to be done in a very dim red light, and this involves the use of a 
lantern. There are many forms of portable folding lantern now sold for 
the purpose ; in choosing one the points to note are, that no white light 
should escape anywhere, and it should be large, so as to keep cool. A 
good form, folding like a Chioese lantern, is obtainable from Werge, 11, 
Bemers Street. It is obvious that the transference and development of 
the plates must be done either at night or in a room from which daylight 
can be completely excluded. It will be found convenient to take a 
supply of brown paper and large drawing-pins, by means of which, with 
the help of a shawl or rug, almost any window can be completely blocked. 
When camping out, the development can of course only be done at night. 

9. Ajfparattbs and chemicals for development The development of the 
plates after exposure in the camera requires practice and experience in 
order to secure the best results. Instructions for development are sent 
out with all commercial plates, but many failures would certainly result 
from attempting to work by these without some preliminary practice at 
home. It is not of course necessary to develop the plates en route, as 
they will keep after exposure for several months at least, and may be 
brought home for development ; but for many reasons it is far more satis- 
factory to develop them while travelling. The following list comprises 
all that is absolutely required for developing 8 or 10 dozen gelatine or 
collodion plates: — Three papier-mache disbes, two 3-ounce glass mea- 
sures, three 6-ounce bottles, containing strong solutions of pyrogallic acid, 
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potassium bromide, and ammonia respectively, 1 lb. hyposnlphite of soda, 
and i lb. alum, both in crystals, 4 or 5 feet of indjarubber tubing and a 
spring clip, to make a syphon for a water-supply from a jug or can, a 
basin or tab to serve as a sink, a folding rack for draining the plates. 

The traveller is strongly recommended to study before starting some 
standard work on photography, such as that by Captain Abney,* and to 
practise the exposure and development of the plates he intends to use. 
He will* save much time and trouble if he can do this under the super- 
vision of some experienced photographer, for it must be clearly under- 
stood that without thi^ preliminary practice nothing but failure and 
disappointment can ensue. 

The aim of the traveller-photographer should be the production of good 
negatives. It often requires years of study on the part of professional 
operators (with advantages impossible to the traveller) before thoroughly 
good negatives are habitually produced ; and it must not be supposed 
that a person taking up photography for the first time, in a few hurried 
moments before departure on a journey, will attain other than very 
unsatisfactory results. 

The operations necessary for taking a picture are briefly as follows : — 
Having selected the position from which the view is to be taken (for valuable 
hints as to the artistic production of pictures see Robinson's * Pictorial 
Eflfect in Photography '), the tripod stand is first set up, and the head ap- 
proximately levelled by means of the pocket level, altering the position or 
length of the legs as may be necessary. The camera is next screwed on 
to the stand, and the lens selected which on trial is found to include the 
required amount of subject. For groups or portraits a long focus lens with 
wide aperture, such as Dallmeyer's " Rapid rectilinear," 11 in. focus, should 
be used. The next operation is to focus the picture accurately on the ground- 
glass screen of the camera. The focussing-cloth is thrown over the head 
and the camera, so as to exclude the light as much as possible, and while 
looking at the inverted image on the ground glass the milled head of the 
rack adjustment is turned till the image appears as sharp as possible. 
The camera is now turned about on its vertical axis till it exactly includes 



* * Instruction in Photography,' by W. de W. Abney, KB., rjL& (Piper and 
Carter). To be obtained from all photographic dealers. See alBo a meet usefal 
J/We pamphlet, ' The A B C of Modern Photography ' (same pubUshers). 
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the Tiew intended to be taken, and the screw is tightened. It may be 
necessary to raise or lower the front of the camera carrying the lens in 
order to include objects at a high or low elevation ; if the vertical range 
of this sliding front is insufficient, the camera must be tilted ; bnt if this 
is done, care must be taken to set the focussing-screen vertical again by 
means of the swing back, and to re-adjust the focus. The full aperture* 
of the lens should always be used for focussing, and if the image is not 
sharp all over the plate it will be necessary to insert a diaphragm in the 
lens, using the largest that will effect the required object. Having then 
put the cap on the lens, the hinged frame carrying the focussing-glass is 
turned over, and one of the slides carrying the sensitive plates is inserted 
in its place. The slides should be exposed as little as possible to the 
light, especially avoiding direct sunlight ; however carefully constructed 
it is difficult to make them absolutely light-tight. The shutter of the 
slide is then withdrawn, and the exposure made by removing the cap 
from thQ lens for the required time. The time of exposure must be 
estimated according to circumstances, and it requires considerable 
experience to judge of it accurately. A record should be kept in a note- 
book of every plate exposed, giving the number, date, time, exposure, 
subject, &c. If the plates cannot be developed the same evening, and 
the slides are wanted for fresh plates, they must be packed up again, 
and should be numbered. This is best done by marking the number on 
the back with a bit of dry soap. The image on the plate after exposure is 
latent and invisible, and has to be developed. This is effected by pouring 
on the plate, laid in one of the flat dishes, a dilute solution containing 
pyrogallic acid, ammonia, and potassium bromide. The excellence of the 
result largely depends on the due proportion between these constituents, 
and here more experience is perhaps necessary than in any other part of 
the process. The image having been fully developed, the plate is well 
washed, and then immersed in a solution of alum, which hardens the 
film. After another thorough washing it is " fixed " by immersion in a 
solution of sodium hyi>osulphite, which dissolves out the unchanged 
bromide of silver, and being once more well washed it is finished and 
must be set up in the rack to dry spontaneously. On no account must 
heat be applied, not even the warmth of sunlight, or the film will melt. 
When dry it must be varnished to protect the film. The printing opera- 
tions are best deferred till the return home, as they would involve the 
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carriage of a large amount of extra apparatus. It is generally best 'to get 
the printing done by a professional printer ; but if the traveller prefers to 
print from his own negatives he will find full instructions in ' The Art 
and Practice of Silver, Printing/ by Robinson and Captain Abney. 

As regards the expense o£ a photographic outfit, such as that described 
above, the following may be taken as average prices for the largest size 
recommended, namely, for plates 7^ x 5 inches : — 

Camera, 4 to 5 guineas. 

Double slides, about 1 guinea each. 

Lenses, as described above. No. 1, SL 10s., No. 2, SI, 15s., No. 3, 71 
These may generally be obtained secondhand, in good condition, at a 
reduction of 25 or 30 per cent, on these prices. 

[The above may be arranged to pack into a solid leather case, conve- 
niently in the form of a knapsack, measuring about 16 in. wide, 12 in. 
high, and 5 in. deep. This can easily be carried on the back of one man, 
and is of a more convenient shape than the cases generally sold for the 
purpose.] 

Tripod stand, 25s. 

Lantern, 10s. 

Gelatine plates, about 7s. per dozen. 

Apparatus and chemicals for development, about 15s. 

Total, exclusive of the plates, about 25Z. 

The plates and other apparatus, with the exception of the knapsack and 
its contents, and the tripod stand, are best packed for travelling in a 
strong basket, which is much better than a box, being more elastic and 
lighter. It will weigh, when packed with the apparatus and a gross of 
7^ X 5 plates, about 60 lbs. Quite recently, transparent sheets of 
gelatine have been successfully employed by Prof. Stebbing, of Paris, 
and by Pumphrey, of Birmingham, as a support for the sensitive film, in 
place of glass. The advantages of this to the traveller are obvious ; as 
yet, however, the films have not had any extended trial. Stebbing's 
films are to be obtained from Messrs. Home and Thomthwaite, 416, 
Strand; and Pumphrey's from Werge, 11, Bemers Street, who supplies 
also a new form of camera adapted for their use. 
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VII. 

MEDICAL HINTS FOB TRAVELLERS. 

By G. E. DoBSON, m.a., m.b., Surgeon-Major , Army Medical Department. 

1. Pebsonal Care op Health, 

Prevention is better than cure is an old saying well worthy of the travel- 
ler's special attention, for, whether he travel for pleasure, profit, or dis- 
covery, a halt must be made when the state of his health demands rest. 
The very important question, therefore, arises — how may health be 
generally maintained while on the move ? 

To this we reply — by strict attention to the following rules, which may 
be regarded as axioms :t- 

The surface of the body shouM he maintained as far as possible at an equable 

temperature always. 

With this view flannel, as the most effective non-conducting and absor- 
bent material, should be worn next the skin by day and by night. In 
very warm climates shirts made of a mixture of silk and wool may be 
preferred; they are very light yet absorbent. Again, as a protection 
against cold, two or more shirts of fine wool should always be preferred to 
a single thick one, a stratum of warm air being retained between the outer 
and inner shirts, and liability to chill so minimised ; moreover, it answers 
better for travellers to take thin flannel shirts in considerable numbers 
rather than an assortment of various thicknesses, on account of the 
fwility which such an outfit gives for suiting the clothing to various 
temperatures. One of the shirts only need have sleeves. When exposed 
to cold and piercing winds, lined and perforated chamois-leather under- 
vests are also exceedingly efficacious; they are very light and occupy 
little space ; and a long woollen comforter should not be forgotten. In 
warm climates a short shirt of very fine flannel, or of flannel and silk with- 
out sleeves, fitting very loosely round the neck, and reaching only as far 
as the hips, may be worn under a thin linen or calico shirt, while the 
abdomen is supported and protected by a long wide silk scarf wound 
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two or three times round the body. In tropical countries, where the 
night temperature differs little from that of day, if a fine flannel under- 
shirt be worn, the rest of the body and limbs may be clothed in any thin 
cotton or linen fabric. In certain parts of the tropics, however, where 
the level country is flanked by high mountain ranges, and very con- 
siderable lowering of temperature takes place at night (as in Jamaica, 
Ceylon, &c.), care must be taken either to wear woollen clothes at all 
times or to change to them before sunset. On the whole, the traveller 
will find a loose-fitting Norfolk jacket (buttoning up to the throat) and 
trousers of thin serge, worn over a short fine flannel shirt and thin loose 
calico drawers, very convenient. 

The traveller's night clothes should consist of a long India flannel shirt, 
opening down the front, and fastening with linen buttons, or, preferably, 
by tapes, and a pair of long wide trousers of the same material, or of thin 
calico in very warm countries, capable of being drawn together round the 
waist by a running string. 

All flannel garments should be of wool throughout, and made to fit 
very loosely, as the usage they are subjected to in hurried washing causes 
extensive shrinking even in the best material. 

In tropical countries the head and spine should he effectively protected ; the 
level rays of the sun at morn or eve are often more dangerous than the 
vtrtical. 

The well-fitting ventilated pith-helmet, which forms such an effective 
guard against the mid-day sun, does not equally protect the sides of the 
head and the back of the neck from its horizontal rays at mom t>r eve ; 
at such times, therefore, a light curtain of sufficient length should be 
attached to the rim of the helmet. This curtain at other times can be 
folded up and fastened round the helmet. If the head and spine be well 
protected, (the latter may be guarded by a double fold of flannel about 
three inches wide sewn on the back of the shirt from the neck-band to 
the loins), and spirituous liquors be avoided or taken with great moden^tion, 
the traveller or sportsman in the tropics need not fear exposure even to 
the mid-day sun. The writer, wearing a pith helmet, a flannel shirt and 
belt, and linen trousers, has for weeks successively, from sunrise to noon, 
traversed on foot, without the slightest injury to health, miles of tropical 
districts, when engaged in collecting zoological spedmena. It may be 
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added^ howefver, that the ordinary traveller will do well in availing him- 
self of the protection afforded by a light white-covered umbrella. A 
folding Panama straw hat may be used with advantage in sub-tropical 
climates. 

Avoid sleeping in a draught, and sitting in damp clothes. 

Sleeping opposite open ports or under a wind-sail should be guarded 
against, and the traveller in the tropics cannot be too careful in avoiding 
chills on arrival of the ship in port, especially in places where the warm 
sea breeze is replaced by a cold land wind at night. In such localities 
there is great temptation to come up half-dressed from the stifling saloon 
and enjoy this cool breeze, which usually springs up about 9 p.m. ; free 
perspiration is quickly checked, and, if this be continued, as may often 
happen, through remaining too long on deck, a serious chill may result, 
followed perhaps by fever, dysentery, rheumatism, pleurisy, or some such 
dangerous malady. As a rule, sleeping on deck cannot be recommended, 
but, if unavoidable, the whole body should be well covered up. 

Sitting in damp clothes should be most carefully avoided as a most 
efficient cause of chill. Too much care cannot be taken, on completion 
of a journey, either on foot or horseback, to change the underclothing at 
least, and the body should be thoroughly rubbed with a rough towel ; 
and, if from any cause a change be impracticable, the underclothing may 
be dried at a fire while the traveller is performing his ablutions, any 
garment being meanwhile thrown over the shoulders to prevent chill. 

In the tropics, or in malariotbs regions^ always sleep under mosquito curtaiits. 

The advantages to be derived from strictly attending to this rule cannot 
be exaggerated. Besides acting as a protection from noxious insects, 
curtains are a real safeguard against malaria, and minimise the danger of 
exposing the naked body during sleep. They may be made very portable 
as follows : — A piece of fine but strong mosquito net, with rather wide 
meshes, about seven yards long by four wide, should have its extremities 
carefully united so as to form a wide cylinder. One end of this should be 
bound with calico and furnished with a long running string ; the other 
should be gathered up and confined by a tightly strained copper wire 
fastened in a groove let into the outer margin of a circular piece of flat 
deal board about one foot in diameter ; to the centre of this board the 
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end of a coil of strong cord is fixed. Such curtains can be instantly fixed 
in position wherever the bed or hammock may be stretched. The long 
cord may be thrown over the cross-tie of a rafter of a hut, over a branch 
of a tree, or be hitched to the pole of a tent, carrying with it to any de- 
sired, height the circular piece of board supporting the curtains, which 
may then be spread over the bed and secured round it beneath with the 
running string. Enclosed within such a fence the traveller may sleep 
undisturbed by noxious insects, uninfected by malarious poisons. 

In the tropics, especially in regions known to he malarious, never venture ovi 
of doors till the sun has risen ; early rising is fatal in malarious localities. 

The truth of this aphorism, strange though it may appear, is fully 
recognised by old settlers on the malarious West Ck>ast of Africa, and the 
rationale of it is not difGicult to seek. Just before sunrise the ground has 
lost by radiation the greatest amount of the heat absorbed during the 
previous day, and the damp unwholesome vapours settle down in greatest 
density over low-lying places, (as may be seen by anyone looking down on 
plains from a height just before sunrise), till subsequently dissipated by 
the heat of the rising sun. The three or four hours before sunrise, then, 
are especially dangerous, and the more so as each hour is nearer sunrise. 
Other reasons also should detain the wearied traveller indoors at this 
time, for it is then, when the tropical temperature has reached its 
minimum, that sleep is possible, and most refreshing. 

Prolonged immersion of the body in cold water, when bathing, should be 

avoided in all climates. 

Much misapprehension on the subject of cold bathing, which is often 
carried to excess, exists in this country. In the tropics regular bathing 
is absolutely necessary for cleanliness and comfort, but certain rules should 
be strictly adhered to:— (1) Avoid very cold bathing. The well water 
of tropical countries is often many degrees colder than the surrounding 
air, and prolonged immersion in it leads to congestions of the internal 
organs. If cold water be used it should be quickly poured over the body, 
which should be rapidly and thoroughly dried by strong friction with 
rough towels. In the case of those who have suffered from congestions 
of internal organs, the results of fevers or dysenteries, warm bathing is 
a/one safe. (2) Bathing should take ^laee only when the process oi 
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digestion is completed, as in the morning on rising from bed^ and should 
never be indulged in immediately after meals. After exercise, when the 
sur^EMse is warm and perspiring freely, a bath rapidly taken and followed 
by friction with rough towels is refreshing and beneficial ; not so, however, 
when the body has cooled down. (3) After bathing or wading in the 
waters of tropical countries the skin should be thoroughly dried, care 
being especially taken to remove all moisture from depressions where it 
may escape the action of the towel, otherwise an opportimity for lodg- 
ment is afforded to the numerous vegetable and animal parasites which 
infest such waters. (See below, p. 272.) 

Excess^ whether m eating or in drinking^ should he carefully avoided y and the 
qy^ity of the meat and water particularly inquired into, especially in the 
tropics. 

In the tropics, except when undergoing much physical exertion, meat 
as an article of diet should be used with moderation, and never oftener 
than twice in the twenty-four hours. Especially should the too common 
practice of heavy luncheons be discouraged, and the oi^ans of digestion 
have complete rest during the greater part of the day-time. Highly- 
spiced foods, such as pepper-pot and curries, provoke indigestion and 
liver complaints ; curries are used by the natives of Lidia as digestive 
adjuncts only to their bulky rice diet. 

While temperance in the use of spirituous liquors is earnestly recom- 
mended, it must, however, be allowed that there are occasions when the 
use of alcohol is imperative. It may be laid down as a general rule that 
for persons of sound constitution, in temperate climates, intoxicating 
liquors of all kinds should be regarded merely as luxuries, the use of 
which rarely benefits and often proves most injurious, and there is scarcely 
any condition in which hot coffee or tea (when procurable) or a tea- 
spoonful of Liebig's extract of meat dissolved in warm water, or of the 
various preparations of cocoa or chocolate and milk, may not be substi- 
tuted with advantage by the wearied or benumbed traveller. In tropical 
regions, however, the depressing effects of the climate, except on .robust 
constitutions, often show themselves in a general feeling of lassitude, 
attended with a feeble intermitting pulse and a sense of sinking in the 
region of the heart. When such feelings are really experienced, as they 
often are after prolonged physical exertion, the use of pure sprit 
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(whisky or brandy) in small quantity, copiously diluted, acts like a 
charm, and may be regarded as a true medicine, to be employed, however, 
with great caution. The writer, himself practically a teetotaller at home, 
has experienced abroad the benefit of the use of alcohol in moderatioD, 
when travelling and collecting in tropical parts of the three great conti- 
nents ; and in his own opinion, no less than in that of many others who 
have also xmdergone much physical exertion in India and in tropieal 
Africa without damage to their constitutions, continued labour, such as 
that of the sportsman and traveller, cannot be safely maintained for any 
length of time unassisted by the occasional and jut^cious use of alcohol. 
It must, however, be clearly understood that the habitual use of alcohol 
is in no respect recommended, for, to be eflfective, it should be considered 
as a medicine, to be employed only when absolutely necessary. 

With the single exception of the best brands of champagne, the writer 
is unable to recommend, beside pure whisky and brandy, any other form 
of alcoholic beverage for use in the tropics. Beer and porter, espedaily 
the stronger kinds, provoke liver derangements, and claret of good quality 
can rarely be obtained by the traveller. 

Fresh meat and all kinds of vegetables, in the tropics, should he 
thoroughly cooked, and the drinking water filtered and boiled. If this be 
neglected they may be vehicles for introducing various internal parasites, 
such as tape- worms, round-worms, flukes, &c., and other more formidable 
diseases, as cholera and dysentery, have been often traced to an impure 
water supply. Pocket filters are now made very portable and effective, 
and should form part of the kit of every traveller. If unfiltered water be 
used, it should be boiled, or alum (six grains per gallon) be added, and 
after agitation allowed to settle, the clear fluid being subsequently drawn 
off above ; or it may be made into tea, in which form it is quite innocuous 
and a refreshing beverage. In the tropics, where the skin acts so freely, 
a comparatively large supply of drinking water is necessary, espedaily 
after continued muscular exertion, and, so long as it is pure, may be 
drunk freely in moderation. 

It should be distinctly understood, however, that the practice of fireely 
yielding to the sensations of thirst, which at first so sorely trouble tiM 
traveller on foot in warm climates, is to be especially deprecated, as the 
more liquid consumed the more is required, leading to excessive peispin- 
tioB, wMeh not only saturates the clothing and predisposes to chill, but 
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seriously weakens the muscular power, and probably increases the 
ity to sunstroke. The writer, when undergoing severe bodily 
Lse while collecting natural history specimens for hours together 
: a tropical sun, has found a small pocket-flask of cold tea (without 
or sugar) supply all the liquid nourishment required, thirst being 
quently freely satisfied on returning to cainp by draughts of cold 
I water (not iced). If the craving for fluid, which comes on so soon 
setting out on a journey on foot, be steadfastly resisted, it is sur- 
g how little will be found sufficient. At other times, however, when 
t, occasional large draughts of pure water are beneficial, reducing 
ligh specific gravity of the urine and its consequent irritating 
ies, resulting from the excessive action of the skin, and mechanically 
ing the general tendency (in tropical climates) to constipation, 
sum up, when travelling in places notoriously malarious the use 
[nine in small doses, two grains three or four times in the twenty- 
lours, or five grains twice daily, two or three times a week, with 
jhing food and alcohol in moderation, sleeping under mosquito 
ns, and not venturing out of doors until the sun has risen may be 
3ned as the most effective prophylactic measures against fever. 

2. Recognition and Tbbatment of Disease. 
A. Medical Diseases. 

Seorsickness, 

n the British Isles the way to other countries necessarily leads over 
I, and, at the outset of his journey, the traveller is exposed to the 
enience, sometimes very serious, of sea-sickness. To avoid this all 
3S in eating or drinking should be abstained from immediately 
embarking, and the following should be taken on the night 
as : — Calomel, James's powder, of each four grains, extract of hyos- 
s ten grains ; rub up together and take at bedtime ; this should be 
3d by a strong Seidlitz powder next morning. Having eaten with 
ition, the traveller, immediately the ship is under way,, should 
nfortably into his berth, and having well covered himself with rugs 
possible, had a hot water jar placed at his feet, ought to adopt the 
ital position and compose himself to sleep. In this way, except in 
8 especially prone to sufifer, sea-sickness may be avoided. If, how- 



268 HINTS TO TRAVELLERS. 

ever, sickness superyenes, one of RigoUot's mustard leaves moistened with 
water may be applied and kept tightly pressed for about ten minutes 
oyer the stomach, and a teaspoonful of the following should be taken 
every half hour : — Dilute hydrocyanic acid, thirty-two drops ; bicarbonate 
of potash, one drachm ; water, two ounces. Small pieces of ice allowed 
to dissolve slowly in the mouth also relieve sickness, and, if this be so 
severe as to seriously affect rest, sleep may be generally induced by a 
draught of thirty grains of chloral to two ounces water. Hutchison's 
treatment, (said never to fail), consists in the administration of a tea- 
spoonful of the following mixture every ten minutes : — ^Bromide of sodium 
ten grains, powdered ipecacuanha one-tenth of a grain, in half-a-tumbler- 
ful of water ; five or six doses often sufl&ce. Pressure, (by means of a pad 
and broad bandage), over the stomach and abdomen is strongly recom- 
mended. 

Colds in the Head^ Coughs, Pleurisy, Pneumonia, Rheumatism, 

Colds in the head are common on board ship, and generally result from 
exposure to sudden changes of temperature, as when passing from the 
warm and badly ventilated cabin to the deck. If neglected, the inflam- 
mation often spreads from the nose to the windpipe and thence to the 
lungs. In the first stage the disease may frequently be cut short by 
using the following powder as snuff: — Hydrochlorate of morphia, two 
grains, powdered gum acacia and white bismuth, of each two drachms ; 
mix thoroughly and keep in a wide-mouthed bottle. This powder should 
be well applied to the interior of the nostrils frequently. In the second 
stage, mustard leaves should be applied over the windpipe and retained 
in position about ten minutes, to be followed by a warm poultice, and, at 
bedtime, five to ten grains of Dover's powder with or without five grains 
of quinine. In the third stage, attended with frothy sputa, hurried 
respiration, cough, and occasionally pain in the chest, with wheezing, the 
mastard and linseed should be applied to the chest, paregoric elixir 
(Tinct. camphorsB comp.) given in doses of from half a teaspoonful to one 
teasi)Oonful every third or fourth hour, and warm whiskey and water 
taken (if there be much difficulty in breathing) in doses of a wineglassfal, 
to which five drops of spirits of turpentine have been added, every hour 
tiU relief is effected. Feverish colds in tropical countries may have a 
malanona basis and require quinine in large doses. 
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Pleurisy, essentially a disease of cold climates, is the result of a chill 
however caused. Symptoms : — Shiverings, pain in the side increased by 
a deep respiration, by coughing, and by pressure ; skin hot and dry, pulse 
rapid. Treatment: — Confinement to bed, large and warm linseed 
poultices, spread on tow, to the affected side, preceded, if possible, by 
turpentine fomentations, and, every sixth hour, give the following: — 
Dover's powder, five grains, tartar emetic, one-fourth of a grain. If pain 
be very severe, half a dozen leeches may be applied. Diet : — ^Nourishing 
brothf^ and cooling drinks. 

Pneumonia, or acute inflammation of the substance of the lung, com- 
mences with general febrile disturbance, shiverings, sickness, cough, pain 
in the side, very rapid pulse, burning heat of skin, flushed face, thirst, 
and headache. Subsequently the sputa becomes very viscid, rusty, and 
streaked with blood, and the respiratory murmur is lost in the affected 
lung. Treatment : — ^As for pleurisy, but poultices should surround the 
chest : sal volatile, twenty drops in water every second hour or often^ ; 
if pain and restlessness be present, tincture of opium, ten to fifteen drops 
every third hour ; if the difficulty of breathing be intense, bleeding (eight 
to ten ounces) from the arm often alone gives relief. Diet : — ^Nourishing 
broths, and, if weakness set in, brandy beaten up with e^g in small doses 
often repeated. 

Rheumatism, generally the result of exposure to wet or cold. The acute, 
febrile form is ushered in with shiverings, followed by feverishness, pains 
in the limbs, especially in the joints, great thirst, rapid pulse, skin at first 
dry, then covered with clammy perspiration, having a characteristic sour, 
buUer-milk smdl. Treatment : — Calomel and James's powder, of each six 
grains, extract of hyoscyamus ten grains ; rub up together : to be taken 
the first night, and to be followed next morning by a dose of the effer- 
vescent citro-tartrate of soda (No. 10), the body to be warmly covered in 
bed and the joints wrapped up in flannel. Then give a grain each of 
opium and ipecacuanha with eight grains of nitre every two hours until 
three doses are taken, and then one dose every tenth hour. If pain be 
severe, ten grains of Dover's powder may be given every night. 

Constipation, 

Is generally experienced on board ship, and requires no treatment 
unless it is not relieved naturally before three or four days. Saline 
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purgatives are, as a general rule, to be preferred to pills ; and two tea- 
spoonfuls of the effervescent citro-tartrate of soda may be taken in a 
tumblerful of water on rising in the morning. It is, however, sometimes 
a symptom of rupture (see p. 271) ; if so, carefully avoid purgatives. 

Colic, 

Severe griping or twisting pains in the abdomen, not increased by pres- 
sure. Give castor-oil, one to one and a half ounce, tincture of opiimi 
twenty drops, essence of peppermint ten drops, and apply hot turpentine 

fomentations. 

Diarrh(xa, 

Resulting from errors in diet may be treated as above recommended for 
colic. If, however, it occur after a chill or in places where dysentery or 
cholera is known, a dose of thirty drops of chlorodyne may be substi- 
' tuted, to be followed at bedtime by five to ten grains of Dover's powder. 
Usually a change to a diet of well-boiled arrowroot and milk^ with port 
wine or brandy, will suffice. 

Dysentery, or Inflammation of the Lower Bowel. 

Of all the diseases to which the traveller in tropical climates is exposed, 
this is, probably, most to be feared, although, happily, few yield more 
readily, if taken in time, to appropriate treatment. The most common 
causes are sudden and prolonged chills, and the evil effects of bad 
drinking-water and impure or improperly cooked food, the avoidance of 
which has been specially dwelt upon in the preceding pages. 

The acute dysentery of tropical climates usually commences with simple 
diarrhoea, followed by shooting and irregular griping pains in the abdo- 
men. This is succeeded by straining at stool and discharge of gelatinous 
mucus. As the disease advances the griping pains become much more 
distressing, the calls to stool more frequent, the discharges are tinged 
with blood and have the characteristic offensive smeU, and these is pain 
on pressure over the abdomen. In this, the first stage of the disease, 
treatment is usually effective and should be immediately carried out as 
follows : — The patient should be confined to bed, turpentine fomentations 
applied to the abdomen, followed by a large linseed poultice ; a mustard 
leaf placed over the stomach, and twenty drops of tincture of opium in 
hsUf a wi^eglafSsixxi of water administered, to be followed in ten minutes 
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by a dose of twenty to thirty grains of ipecacuanha powder mixed in a 
small quantity of water. The patient should endeavour to avoid vomiting 
as long as possible, and with this view fluids should be abstained from. 
The dose of ipecacuanha may be repeated twice at intervals of six hours, 
and ten grains of Dover's powder given at bedtime. During the course of 
the disease, and for some time after the acute symptoms have been 
relieved, the food should consist, exclusively, of boiled milk, animal broth 
free from fat, and well boiled arrowroot. 

Where the dysentery is complicated with malarial poisoi^g, quinine in 
fifteen to twenty grain doses is indicated in addition to the above treat- 
ment, but, in advanced cases, Dover's powder, (ten to fifteen grain doses), 
should be used instead of the ipecacuanha, and the patient's diet should 
consist of boiled milk absolutely, with brandy and port wine to support 
strength. 

Diet is all-important in this formidable disease, and, therefore, the 
above directions should be carried out to the letter. Th^ smallest particle 
of solid food may set up irritation which may prove fatal, especially in 
advanced cases. The constipation from which patients, nearly con- 
valescent, who have been long restricted to milk diet, are liable to suffer, 
may be safely relieved by ounce doses of freshly-drawn castor oil. 

Fevers (^Malarious and Continued), 

Malarious fevers are, of all diseases, probably the most likely to be con- 
tracted by the traveller in tropical regions. The intermittent and the 
more serious remittent forms are characterised by a cold, a hot, and a 
sweating stage, but, whereas in the former, the last stage is followed by a 
period of complete intermission of the disease, (during which the patient is 
restored apparently to health), in the latter a remission only of the 
symptoms takes place, the febrile condition being modified, not removed. 

The premonitory symptoms of the approach of an ague fit are a general 
feeling of lassitude and malaise, of sinking at the pit of the stomach, and 
of cold down along the back ; the face becomes pale, the features shrink, 
the teeth chatter, the lips and nails turn blue, and the patient complains 
of pains in the head, back, and loins. If now the bulb of a clinical 
thermometer be placed in the arm-pit or under the tongue, and retained 
there, closely appressed, from five to ten minutes, the index will be found, 
on carefully removing it, to point to some degree over 98*4° (the normal 
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temperature) notwithBtandiDg the patient's sensations of intense chilli- 
ness. This, the only sure test, should always be employed when fever 
is suspected, and its indications should guide the administration of 
medicine. 

The treatment of ordinary ague consists in the administration of 
fifteen to twenty grains of quinine about two hours before the expected 
attack. In bad forms, and in remittent, it is advisable not to wait for an 
intermission, but to give (except during the hot stage) the medicine m 
doses of fifteeij grains at intervals of eight hours. Where there is great 
irritability of the stomach, the dose may be preceded by fifteen drops of 
tincture of opium, and cooling eflfervescing draughts may be given at 
intervals. In the worse forms the strength must be supported by nourish- 
ing broths, port wine and champagne, or by brandy in small but repeated 
doses largely diluted. If delirium supervene, ice or cold water to the 
head, and purgation with calomel (eight to ten grains), are indicated. 
During the attack the patient must be confined to bed. 

Treatment by quinine sometimes, however, fails. When this occurs 
purgatives are indicated, and two of No. 11 pills should be given at bed- 
time, to be followed next morning by a draught of the effervescent citro- 
tartrate of soda (No. 10) ; the quinine may then be given at the proper 
time to anticipate the next attack. Emetics also are occasionally required 
to precede the quinine, especially when there is sickness of the stomach 
or the attack has come on after a meal; the following acts quickly: 
mustard flour, one tablespoonf ul ; salt, one teasi)oonf ul ; warm water, 
half a pint ; mix, and take all at once. 

In the continued fevers, such as typhoid, typhus, scarlatina, small-pox, 
and measles, the same general rules are applicable to each, namely : — 
Absolute rest in bed, strict quarantine, thorough ventilation of the sick- 
room without draught, nourishing broths, cooling drinks, attentive 
nursing (the patient should never he left alone). Little medicine is needed, 
and should be given only under medical advice. 

Liver Congestions and Abscess, 

Although these are in most cases probably the results of malarial 
poisoning, a very large proportion must be put down to immoderate indul- 
gence in highly spiced food and in alcohol. Simple congestion of the 
Jj'rer is ch&ractenBed by a feeling of weight and fulness on the right side 
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of the stomach, and the enlarged oi^an in thin individuals may be felt 
projecting below the ribs ; as the disease advances there is pain increased 
by pressure over the right side of the stomach, and sometimes felt in the 
shoulder, attended with difficulty in lying on the right side. If unrelieved, 
abscess may quickly follow in hot climates. Treatment :— Calomel and 
James's powder, of each six grains, extract of hyoscyamus ten grains ; rub 
up together, and take at bedtime ; in the morning a teaspoonful of effer- 
vescent citro-tartrate of soda in a tumblerful of water, and smaller 
quantities of the same at intervals, subsequently, to keep up the action 
of the bowels. If this fails to relieve, employ hot turpentine fomenta- 
tions, and give twenty drops of wine of ipecacuanha in half a wineglass- 
fal of water every two or three hours. Rest and a restricted diet of 
vegetable food is also necessary. 

If, in addition to intensification of aU the above symptoms, we have 
superadded occasional or continued vomiting and night sweats, abscess 
may be reasonably suspected, requiring si)ecial medical treatment. 

Night Blindness and Snow Blindness, 

The first-named is the result of the combined effects of long-continued 
exposure to the intense glare of a tropical sun, with scurvy or weakness 
induced by bad food and overwork, &c. ; the latter from over-excitation 
of the retina, caused by the glare from snow when travelling at a high 
elevation, or in the arctic regions. The treatment of both consists in 
resting the eyes, and in the use of antiscorbutic remedies, such as lime- 
juice, fresh meat and vegetables, and a change to better food. 

Travellers in sandy regions or over snow-covered ground should wear 
spectacles, such as those figured below,* which should be fitted with 
smoked glasses ; or, as a makeshift only, an ordinary pair may be rubbed 
over with any opaque substance, leaving a narrow horizontal slit of clear 
glass, in the Esquimaux fashion, as shown in the woodcut below. On 

* From Messrs. Beck's Catalogue. For Arctic travellers and for those ascend- 
iDg high mountain ranges where the cold is intense, the metal framework of 
such spectacles renders tliem unwearable, and goggles with india-rubber or 
wooden rims, and fastened by an elastic band passing round the head, are 
recommended instead. Such goggles may be obtained at Messrs. Weiss's, 
Strand, or, by order, through any spectacle-maker. 
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snow, however, the perforated wite-ganze aides are essential partB of the 
protectdon from the refracted rays of the eun. Elastic ma; be Bubstitnted 
with advantage for metal attachments between the glasses as well as 
round the head. 





Ophthalmia, Iritis, itc. 
Ophlludmia, or inflammationof theBUF&ceof the eye, is choracteriBed by 
diffused redness of the eye, which is weak, intolerant of light, and watei? ; 
there ie aleo a feeling as if sand had got under the eyelids, with pain in 
the head and slight fever, often the i-esnlt of cold, but also Bometimes 
contracted by contagion. Treatment: Administer a purgative, place a 
shade over the patient's eyes, and keep him in a darkened room. Bathe 
the eyes frequently with tepid water, and drop into them occasioualV a 
lotion of one grain of sulphate of zinc to half a wineglassful of rain water. 
If the inflammation be severe, place a small blister on the Bide of ths 
temple behind the eye, and keep it on for bIi hours ; or apply one or two 
leeches in the same position. Iritis, infiommation of the iriB or circular 
curtain surrounding the pupil, is distinguished from opWialmia by the 
injecled blood-vessels running in straight lines from the margin of the 
iris across tlie white portion, by the different colour of the iris of the 
affected eye, and by the greater pain in the eye-l>all. TreatnKnt: Give 
two grains of calomel with one grain of opium ever? fourth hour ontil 
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the gnms become slightly tender, smear ointment of belladonna round 
about the eye, and apply leeches to the temples. 

Piles or Hoemorrhoids, 

Persons afflicted with this troublesome disease should not venture upon 
a journey likely to last for any considerable time, and should especially 
avoid warm climates, where it is likely to become much aggravated. 

Piles are vascular dilatations of the mucous membrane of the bowel in 
the vicinity of the orifice. They may be external or internal ; the latter 
are most troublesome, often causing pain and straining at stool, with 
discharge of blood, staining the faeces. When inflamed, fomentations or 
poultices should be applied, and calomel, half a capsule; opium, one 
pill ; should be taken at night, to be followed next morning by a dose of 
castor-oil, or a draught of the citro-tartrate of soda (No. 10) ; the parts 
should, subsequently, be bathed with cold alum-water, and, if they pro- 
trude, should be returned with gentle pressure, having been previously 
oiled. Gall ointment is an excellent application for either external or 
internal piles, and the traveller (likely to suffer from them) should carry 
a sufficient quantity of the freshly prepared ointment, rubbed up with a 
few drops of glycrine, and put up in a well-closed tin. 

The principal causes are congestions and other diseases of the liver, 
generally induced by over indulgence in highly-seasoned food and in 
drink. Sedentary pursuits, sitting long on soft cushions, and constipa- 
tion, are common predisponents. Regular open-air exercise, regular 
living, and keeping the bowels open are the best preventives. 

F richly 'hent and Bivg-warm, 

These very troublesome skin affections are well known in certain parts 
of the tropics. The former, the result of heat, may be relieved by sponging 
the part with vinegar and water, or dusting over with pimple starch 
powder, (to each ounce of which fifteen grains of oxide of zinc may be 
added with much advantage), and wearing linen or light cotton clothes 
instead of flannel, which may be safely done where the temperature, 
though high, is equable ; the latter is caused by a parasite introduced 
into the skin when bathing in waters infested by its spores ; it is easily 
cured, if taken in time, by the application of tincture of iodine to the 
affected part. 
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Sleeplessness, 

Excessive heat or cold, over-fatigne, the attacks of mosquitos and 
other insects, thirst and indigestion (generally caused by retiring to bed 
immediately after a heavy meal), and the use of strong tea or coffee at late 
hours, are the most common causes of this distressing condition, which, 
if unrelieved, by weakening the body, renders it liable to the inroads of 
malaria or other diseases. The traveller should therefore endeavour to 
procure an upper room (where there is better circulation of air), and, as 
already recommended, sleep under mosquito curtains, outside which a 
punkah (if possible) should be kept in action, and he should avoid the 
causes enumerated above. An india-rubber or tin hot-water bottle should 
be included in the kit of every traveller journeying in cold climates or id 
elevated regions, for of all causes of sleeplessness none is more potent 
than coldness of the feet. 

Sunstroke. 

Not limited to tropical climates ; the result of continued exposure to 
the direct rays of the sun or to a superheated atmosphere, and should 
always be looked out for when the temperature exceeds 98° Fahr. ; rare 
in insular climates, as in Jamaica, Ceylon, <&c. When premonitory 
symptoms are present, such as unusual dryness and heat of the skin, 
giddiness, congestion of the eyes, and sickness of the stomachy an attack 
may be warded off by wrapping a well wetted cloth round the head and 
back of the neck, or, better, by the direct and continued application of 
cold water to these parts ; if, on the other hand, as often happens, the 
patient foils down suddenly, he should be at once removed to the nearest 
shade, stripped, and douched plentifully with cold water over the head 
and chest. If complete sensibility be not restored by these means, a 
blister should be applied to the nape of the neck, and eight grains of 
calomel placed on the back of the tongue. 

Tape-worms and other Internal Farasites, 

Unffltered water, and imperfectly cooked food, animal or vegetable, aie 

the sources whence intestinal parasites are introduced into the system. 

Others, occupying the connective tissue beneath the skin, as the goinei 

worm, are undoubtedly introduced most commonly by bathing or wadiBg 

in the waters of tropical countiies where they abound. Attention to the 
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quality of the food and drmk, (as recommended above^ p. 256); will, in 
ninety-nine cases out of a hundred, prevent the former, while the latter 
are avoided by washing with carbolic soap, carefully drying the surface 
of the skin afterwards, and rubbing carbolic oil into the most exposed 
parts. Efifectual remedies for tape-worms are known in the countries 
most Infected by them, amongst which kousso, given in doses of five 
drachms, is to be preferred. Assafoetida has been recommended as a 
specific for guinea worm, (ten to fifteen grains three times daily), but 
travellers affected with these parasites should at once obtain ihe best 
local medical advice. 

B. SuBGicAL Diseases. 

Bleeding or NcemorrJiage, 

Venous blood is known by its dark appearance, arterial by its bright 
red colour and by spouting forth in jets ; the latter is more dangerous 
and should be controlled at once. Bleeding may be stopped by direct 
pressure with a finger, or by superimposed pads, that over the bleeding 
point should be small and rolled very hard, the others larger by degrees 
and the outer fixed in position by a bandage. If from a small artery at 
the bottom of a wound, the spouting vessel should be seized with a fine 
, pointed forceps and dravm sufficiently forward to admit of a strong thread 
being firmly tied round it. Bleeding from any of the chief arteries of the 
body or limbs, (the position of which may be traced by their pulsation), 
can be efficiently treated only by a surgeon ; meanwhile continued pressure 
with the finger, kept up steadily for hours by men relieving one another 
from time to time, should be persevered in. 

Blisters on the Feet, 

Grenerally caused by an ill-fitting boot or sock ; the greatest pains should 
therefore be taken before starting on a journey to obtain well-fitting 
boots, and those should be got into wear sometime before departure; the 
Bock, especially, should accurately fit the foot. If the blister be small it 
may be prevented from bursting by placing a piece of adhesive plaster 
(soap cerate), or even of gummed paper, such as a postage stamp, over 
the part so as to prevent friction ; even if a small abrasion has formed 
this treatment wilf often permit of a journey on foot being continued. If 
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the blister be large, open it at its lower edge by pricking with a needle, 
preserve the skin over it, apply zinc ointment, and give rest till healed. 
Tender feet should be bathed frequently in strong hot salt-and-water 
to which a little alum has been added. To prevent blisters and chafes 
of the feet from hard boots, rub the latter internally with soffc soap. 

In selecting boots for a journey on foot the following points should be 
specially attended to. The boots should have : (1) broad and low heels, 
never exceeding one inch in height ; (2) broad tread, 4 inches wide for 
an ordinary foot ; (3) elevated toe-cap to make room for great toe. 

Boils and Carbuncles, 

A carbuncle is an exaggerated boil. Both commence as a small irritable 
elevation of the skin of a red colour; this may often be kept back by 
touching it occasionally with tincture of iodine or lunar caustic. If not 
so arrested apply poultices (of linseed-meal, or* of boiled carrots, &c.), 
and, if the patient be debilitated, give quinine, two to five grains three 
times daily, with nourishing food and stimulants ; if, on the contrary, he 
be plethoric, saline purgatives are indicated. If the carbuncle cause 
much tension with great pain a deep and wide X-cut with a very sharp 
knife will give relief at once. The cut surface should then be poulticed. 

Bruises, 

If slight, require little treatment, if severe, the injured part should be 
fomented continually with flannels wrung out of boiling water ; two or 
three days after the injury, soap liniment may be rubbed in. 

Chilblains and Frostbites, 

Chilblains are often due to tight boots compressing the toes and pre- 
venting circulation, thus rendering the surface of the skin liable to suffer 
from the effects of a low temperature ; also, to warming the semi-frozen 
hands or feet at a fire before the circulation is restored. Whether on the 
feet or hands the parts affected should be well rubbed with snow, or 
with camphorated spirits, and, if the latter be not procurable, bathed 
in a strong solution of salt in water, afterwards thoroughly dried with a 
rough towel and protected by woollen coverings. Open chilblains should 
be poulticed till all inflammation is removed, then healed by the appli- 
cation of zinc ointment spread oix lint. The more serious fonn, frostbite, 
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reqtures caiefol attention or mortification may set in. The part should be 
well rubbed with snow or pounded ice, and then wrapped in cloths wet 
with cold water. Be careftd not to bring the frozen part near a fire. 

Concussion of the Brain. 

Result of a fall, or of a blow on the head. Symptoms : — ^Drowsiness, 
unconsdonsness ; the patient may be roused by shouting into the ear, 
but quickly relapses into insensibility; coldness of the surface, feeble 
pulse, breathing slow or laboured. Treatment: — Absolute rest; wrap 
up the body in warm blankets, and apply hot water bottles to the feet ; 
do not attempt to give food or drink of any kind ; be patient above all 
things, and avoid active measures. When symptoms of rallying appear, 
a calomel purgative may be given, and some liquid nourishment admin- 
istered with caution. 

Fractures and Dislocations. 

The most common fractures are those of the collar-bone, (caused by a 
fall on the shoulder), of the ribs, and of the bones of the leg and arm. 
In all cases the indications for cure are comprised in endeavouring to 
maintain the broken parts of the bone in contact, and to prevent all 
motion in the affected part. This, in the case of the bones of the extremities, 
is usually attempted to be carried out by the employment of splints and 
bandages, which should be so fixed as not only to maintain the broken 
part in its normally straight position, but also to overcome by extension 
the constant tendency of the broken extremities to override one another 
owing to muscular action. Splints may be extemporised by cutting 
sufficiently long pieces of board into lengths of suitable size, or, in the 
absence of these, by tying together with twine, as in the figure below, 




a sufficient number of small rods. In the same way rushes or iron wire 
may be made available, or the limb may be padded with cotton wool, then 
evenly and closely bandaged, and the bandage subsequently stiffened and 
oonverted into a circular splint by being well rubbed with boiled starch. 
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In fracture of the collar-bone a pad about 6 inches square by 3 inches 
thick should be placed in the arm-pit. the forearm should be raised and 
supported in a sling made by tying a large handkerchief round the neck, 
and the arm be securely fixed to the side of the chest by a belt or wide 
bandage. In fractures of the ribs a broad bandage should be made to en- 
circle the chest tightly by several turns, fixed by sewing the folds together, 
and supported by shoulder-straps of tape. Fracture of the upper arm 
requires four narrow long splints, padded with some cotton wool, and re- 
tained in position by a long bandage carefully applied. The forearm 
should be supported in a sling from the neck, and the elbow be allowed to 
drop. In fractures of the forearm a pair of long and rather wide padded 
splints are sufficient, one extending from the elbow to the tips of the 
fingers behind, the other to the palm of the hand. Before placing them 
in position, the elbow should be bent and held firmly while the forearm is 
strongly pulled, the thumb being kept upwards. Fractures of the lower 
limbs are much more serious accidents, and require absolute rest. Those 

. of the thigh can be efficiently treated by a surgeon only. In fracture of 
the leg, invariably keep the great toe in a line with the inner edge of the 
knee-cap ; a pair of splints long enough to reach from the knee to the sole 
of the foot should be applied, one on the outer side, the other on the inner 
side of the limb. Excellent pads for the splints may be extemporised by 
folding a coarse linen cloth in four so as to reach from the knee to the 
heel, and wrapping it round the back and sides of the leg. Until a rest- 
ing-place is arrived at, the broken leg should be securely tied to the sound 
one. Fractures in which the broken bone protrudes from a wound are 
very serious injuries. Having washed away all dirt by syringing the 
woimd with carbolic lotion, place a piece of lint well soaked in carbolic 
oil over the protruding bone, so as to exclude all air, and then, by pulling 
carefully upon the opposite ends, endeavour to draw the protruded part 
inwards into position. The same methods recommended in simple 
fracture for applying splints may be used after reduction ; but it will be 
necessary to leave the part opposite the wound uncovered by the bandage, 
so as to allow discharges to escape, the wound itself being protected from 
the air by a piece of lint soaked in carbolic oil. 

Of Dislocations, space will not admit of referriug to more than one, the 
commonest, namely, dislocation of the shoulder-joint. In this injury 

tlie bead of the bone may be felt in the arm-pit, the elbow projecte 
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outwards^ the arm is lengthened^ the shoulder appears flattened^ and the 
X)atient cannot raise his hand to his head. Treatment : — ^Let the patient 
lie down on the floor ; then, sitting on the floor in tlie opposite direction, 
the operator should place his unbooted foot in the patient's arm-pit, and 
with it press upwards and outwards, while he pulls the arm strongly and 
steadily towards him. In this way reduction is generally easily eflected. 

Bupture, 

A protrusion of part of the intestines, generally beneath the skin of the 
groin or of the thigh. This may at first cause little inconvenience, but, if 
not soon returned into the abdomen, it may become constricted, causing 
constipation and'pain, followed by continued vomiting of excrementitioUs 
matters, mortification of the bowels, and death. TrecUment : — Eaise the 
patient's hips with pillows till much higher than his head as he lies on 
his back, let him draw up his legs and thighs and have them supported 
by other pillows placed under the soles of the feet. If ice be procurable 
place small bags of it about the rupture. In this position the weight of 
the intestines acts upon the protruded gut while the walls of the abdomen 
are relaxed, and reduction of the rupture may take place spontaneously. 
If not soon relieved give thirty to forty drops of tincture of opium and 
allow the patient to remain so for an hour. Then gently knead the lump 
with the fingers and press it upwards, still careful not to use any force. 
Should these measures fail, the patient may be placed in a warm bath 
and another attempt made to push the intestine into the abdomen, which, 
if also unsuccessful, should be the last, for surgical aid must then be 
sought for at any cost. 

Snahe-hlte and poisoned hites in general. 

Travellers on foot, in places infested by snakes, should be careful to 
wear stout gaiters. Bites of venomous snakes may be generally recognised 
by the two circular punctures (thus • • ) made by the fangs, the other 
minute teeth producing only slight scratches, if any. In the case of bites 
from sea-snakes (which are very poisonous), this distinction is scarcely 
apparent, owing to the small size of the fangs. 

The treatment of snake-bite, as recommended by Sir J. Fayrer, M.D., 
F.R.S., is -as follows : — " Apply at once a ligature, or ligatures, at intervals 
of a few inohes, as tight as you can possibly tie them, and tighten the one 
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nearest to the wound by twisting it with a stick or other such agent. 
Scarify the wound ai^d let it bleed freely. Apply either a hot iron or live 
coal, or explode some gunpowder on the part ; or apply either carbolic 
acid or some mineral acid or caustic. Let the patient suck the wound 
whilst you are getting the cautery ready, or, if any one else will run the 
risk, let him do it. 

" If the bite be on a toe or finger, especially if the snake have been 
recogoised as a deadly one, either completely excise, or immediately 
amputate at the next joint. If the bite be on another part, where a 
ligature cannot be applied, or indeed if it be on the limbs above the toes 
or fingers, cut the part out at once completely. 

" Let the patient be quiet. Do not fatigue him by exertion. Give eau- 
de-luce, or sal volatile, or carbonate of anunonia, or even better than 
these, hot spirits and water. There is no occasion to intoxicate the 
person, but give it freely and at frequent intervals." 

Bites from jackals are dangerous, being occasionally followed by hydro- 
phobia ; they should therefore be treated on the same principles as above 
reconunended for snake- bite. 

As a preventive against and remedy for attacks from ticks and other 
troublesome insects, strong coal-tar or carbolic soap should alone be used 
when bathing, the legs and other parts especially exposed being sub- 
sequently protected by inunction with carbolic oil (one part of carbolic 
acid to twenty of oil). Individuals newly arrived in countries where 
mosquitoes abound are very liable to their attacks, so that when travelling 
in places specially infested by them it may be necessary to smear all 
exposed parts of the body with this oil, or to use veils of mosquito net. 
In tropical America and Africa, minute ticks often cause intense itching, 
which may, however, be at once removed by rubbing in oil. After walking 
through long grass the body should be carefully examined for the larger 
ticks and for the jigger {Pulex penetrans), Xhe latter usually lodging under 
the toe-nails; these should be carefully dislodged, and the parts rubbed 
well with carbolic oil. In certain districts in India, Ceylon, &c., leeches 
abound in the long grass, and attach themselves to the passer-by, and 
often, by creeping into the nostrils, cause much loss of blood. After 
travelling, therefore, in such places, the clothes and body should be care- 
falJy .searched for such intruders. They are best dislodged by salt and 
water, Keating'a iiiseelrpowdeT affoids protection from fleas and bugs. 
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Sprains, 

These most commonly take place in connection with the ankle joint. 
Ahsolnte rest is required ; the injured part should he raised on a pillow 
and kept immovahle hy placing one or more small hags filled with sand 
on either side. Warm fomentations are usually more soothing than cold, 
and^ if there he much inflammation, apply leeches. 

Ulcers, 

Usually occur upon the legs or arms, and in the tropics often result 

from the irritation caused hy parasitic animals. Treatment: — Apply 

cotton wool or lint soaked in carbolic oil, cover with a piece of oiled silk, 

and bandage carefully from below upwards; the limb should be kept 

eleyated on cushions, and the dressings changed fcwice daily. In simple 

ulceration vaseline or zinc ointment applied on lint will generally quickly 

effect a cure. 

Wounds. 

Slight clean cut wounds are best treated by bringing the edges at once 
together^ and securing them in that position by narrow strips of adhesive 
plaster. If large and there be much bleeding, the latter should be first 
controlled by raising the limb, by the application of ice, or by ligature 
(see above, under " Bleeding "), and all dirt, pieces of glass, &c., must be 
carefully removed before bringing the edges together. Lacerated and 
contused wounds may be caused by bites and gorings of wild animals, by 
machinery, or by gunshot injury. The wounded parts should be well 
washed out with tepid water, and then brought together by plaster or by 
stitches as &r as possible. If there be much laceration and injury of the 
parts, poultices, to allay inflammation, should then be placed over the 
wound, and saline purgatives administered. However much injured the 
parts may be, the least shred of skin should be preserved. If poultices 
he not procurable, any kind of clean cotton or linen rags may be soaked 
in water and used instead. They should be covered with oiled silk and 
changed two or three times daily when suppuration takes place, the 
discharges being carefully washed away at each examination. In scaJ}* 
wvunds the hair should be carefully cut away, and the head shaved for 
some distance round the wound, the edges of which should, if possible 
be brought together by strips of adhesive plaster only. 
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Extemporaneous Transport for the Sick, 

Cut two stout poles, eacli 8 feet long, to make its two sides, and three 
other cross-bars of 2i feet each, to be lashed to them. Then, supporting 
this ladder-shaped framework over the sick man as he lies in his blanket, 
knot the blanket weU to it, and so carry him off palanquin fashion. One 
cross-bar will be just behind his head, another in front of his feet, the 
middle one will cross his stomach and keep him from falling out, and 
there will remain two stout handles for the carriers to lay hold of. A 
kind of waggon-top can easily be made to it with bent boughs and one 
spare blanket (Galton). It may be added that, if possible, the sides of 
the blanket should be fastened with twine to the poles, and the bearers 
should not keep step. 

3. Contents of Tbayelleb's Medioine Box. 
{Sufficient for one person for a year,) 

Box should be of strong lacquered tin, cylindrical, divided into upper 
and lower compartments by a cylindrical tray capable of being easily lifted 
out. In the lower, fixed in tin sockets, with well-fitting stoppers, tied 
down with wash-leather, the following fluid medicines (N.B. Poisons and 
irritants to be in blue fluted bottles), to be labelled thus : — 

No. 1. Tincture of opium : sedative. Dose, 10 to 30 drops in water, not to be 
repeated for six hours. In diarrhoBa, dysentery, pleurisy, colic, sleeplessness, &c. 
(for adults only). 

No. 2. Paregoric elixir : sedative. Dose, 15 to 60 drops in water ; for a child 
2 drops. In colds, coughs, bronchitis. 

No. 3. Chlorodyne (CoUis-Browne's). Dose, 5 to 25 drops in water. . In sea- 
sickness, diarrhoBa, coUc, cramps, spasms, neuralgia. 

No. 4. Sal volatile : stimulant. Dose, 20 to 6Q drops in water. In fainting- 
fits, nervous headache, low fevers, cholera, pneumonia. 

Tlie above to be in centre ; the following, labelled '* for external use only," 
round sides : — 

No. 5. Liniment of opium. To be rubbed in vrith the hand. In sprains, 
bruises, local rheumatism, sciatica. 

No. 6. Turpentine oil. For fomentations ; to be sprinkled on flannels wrung 
out of boiling water and at once applied to the skin. In colic, dysentery, 
pleurisy, })neumonia. 
^o. 7. Blistering &md. Applied with a feather quickly raises a blister. 
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No. 8. Carbolic acid. Used in solution only. 1 part to 100 parts water ; to 
remove foul odours, to wash wounds with. 1 part to 20 parts olive or linseed 
oil ; as an application to ulcers, to prevent attacks from insects, to destroy 
ticka, &0. (Be careful not to let the undiluted acid touch the fingers or any 
part of the skin. If this occur, at once apply oil.) 

No. 9. Olive oiL For use with above ; as a local application to burns, &c. 

(N.B. One to two ounces of each of the above medicines will be sufficient, as 
they can be renewed as opportunity offers.) 

In the npper compartment place the following, to be thus labelled : — 

No. 10. EjBTervescent citro-tartrate of soda (4 ounces, in two stoppered bottles). 
Dose, one or two teaspoonsful in half a tumblerful of water on rising in the 
morning. For constipation, after calomel taken at bedtime, &c. 

No. 11. Colocynth and hyoscyamus pills (3 dozen, sugar coated, in bottles). 
In constipation, one or two at bedtime, to be used only when No. 10 is not avail- 
able or is inefiective. 

No. 12. Opimn pills (two dozen, 1 grain in each). Dose, 1 pill. In diarrhoea, 
rapture, spasms, colic, ^o. 

No. 13. Dover's powder (J oz.). Dose, 5 to 10 grains (one to two capsules). 
In hronohitis, pleurisy, dysentery. 

No. 14. James's fever powder (J oz ) Dose, 5 grains (one capsule). In liver 
eongestions, as an adjunct to calomel, in pleurisy, feverish colds, &c. 

No. 15. Calomel (J oz.). Dose, 5 to 8 grains (half to one capsule). In liver 
coDgesftions, pleurisy, &c. 

No. 16. Quinine (1 oz. to 1 lb. if space admit, for, if not required for the 
traveller's personal use, it will be gratefully received or purchased by others). 
Doee, 2 to 15 or 20 grains (half to four capsules). In malarial fevers, &c. 

No. 17. Ipecacuanha powder (1 oz.). Dose, 5 to 15 grains (one to three capsules). 
In dysentery, especially in the premonitory or acute stage. 

No. 18. Extract of hyoscyamus (1 oz.). Dose, 5 to 10 grains (one to two cap- 
sules). To be taken when calomel is administered, or, alone, to procure sleep. 

N.B. Nos. 13-18 should be made up in gelatine capsules or lamels 5 grains 
each (as prepared by Messrs. Sivory and Moore, 143, New Bond Street, W.) and 
k^t in bottles or in well-closed small tin boxes. These preparations are much 
recommended to the traveller on account of their great portability (they may be 
carried between the leaves of a book), and also as it is impossible to make a mistake 
in the dose. 

No. 19. Zinc ointment (4 oz.) To heal abraded surfaces, &c. 

No. 20. Vaseline (4 oz.). For use as simple ointment. 

No. 21. Morphia and bismuth snufif (see p. 258) (^ oz.). For colds in the 
head. 

Also adhesive plaster (Leslie's tape plaster in tin) ; mustsurd leaves (RigoUot s, 
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one box); linseed leaves (RigoUot's, for poultices, one box) ; mustard, in tin, 
4 oz. ; oiled silk (in tin) ; nitrate of silver in holder ; a small glass syringe ; 
sulphate of zinc (| oz.) ; alum (1 oz.) ; dressing forceps, scissors, surgical needles 
and ligature silk ; a clinical thermometer in case; two long cotton bandages, and 
lint and cotton wool (which can be used as padding over all). The traveller 
should also carry in his general kit a large piece of »p(mgio-jnline (most useful 
for applying fomentations), and some soft soap in tin. 

It is recommended that the following medical comforts (for use on emergency 
only), enclosed, except the five last, in tin cases of not more than 4 ozs. each, be 
also taken : arrowroot, 1 lb. ; essence of beef (Liebig), 1 lb ; preserved milk, 1 lb. ; 
cocoa and milk, 1 lb. ; tea, compressed, 1 lb. ; sugar, 1 lb. ; salt, 2 ozs. ; pepper, 
1 oz. ; brandy, 8 ozs. Of course the above quantities will be increased or 
diminished according to the length of the intended journey and the amount of 
space available. 

For large parties, the Medical Field Companion Case, filled with proportionately 
larger quantities of the above-named medicines, &c., is recommended, as being 
lighter and more portable than a sufficiently large tin box. This may be pro- 
cared at Messrs. Savory and Moore's, where both it and the Traveller's Medicine 
Box are kept ready for inspection, filled with the medicines and medical 
appliances recommended above. 
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VIII. 

GENERAL HINTS ON OUTFIT. 

Including Notes by E. Whtmpkr, Colonel J. A. Grant, o.b., and 

J. Thomson. 

Suggestions regarding a suitable ontfit for a traveller must necessarily 
be of a most general character, as each traveller requires a special outfit 
according to the nature of his journey, its aims and duration^ the number 
of persons composing the expedition, and the funds at command. An 
outfit which might be very complete and suitable for an Arctic journey 
or a very cold climate would obviously be unadapted for a journey in 
tropical countries, though it would contain some articles which might be 
useful in all 'regions. And even where the conditions may not be so 
wholly dissimilar as in the case mentioned, as in South America, 
Australia, and Central Africa, the traveller will in each country require 
many distinct articles, and find others superfluous. The case of a journey 
including much use of boats will', of course, demand its own specialties. 
Into these it has not been thought necessary to enter here. In this, and 
in all other cases where special information is needed, the intending 
traveller will do well to apply to the officials of the Society, who will, in 
most cases, be able to put him into communication with the best autho- 
rities of all, his last predecessors in the region he is about to visit. He 
may also obtain much useful general information from Mr. F. Galton's 
' Art of Travel,' and Messrs. Lord and Baines's ' Shifts and Expedients of 
Camp Life.' For more detailed information as to particular branches of 
his Outfit, e.g.. Scientific Instruments, Photographic Apparatus, Medicines, 
or the paraphernalia of a naturalist, he should also consult the previous 
chapters to which references are hereafter given. 

It is not advisable to lay down any general rule as to whether the 
traveller should complete his outfit at home or abroad. There may be 
some occasions on which it may be best to complete abroad. But, inas- 
much as far greater facilities of purchase and for packing are to be had 
at home, the reasons would have to be very weighty and exceptional 
which would render it desirable that this course should be adopted. 
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Travellers, again, in some regions require to carry much of their food 
with them, while in others they can obtain almost all necessary sustenance 
on the spot. In some countries there are considerable facilities for trans- 
port, and there is no need to reduce the baggage to very small dimen- 
sions; in others the difficulty of transport is amongst the greatest to 
be encountered. These various considerations must all be taken into 
account, and the leader of an exploring expedition will give proof of his 
fitness in showing, by judicious selection, that he appreciates the relative 
importance of particular articles. 

In the arrangement and packing of the stores there are, again, con- 
siderable opportunities for the exercise of sound judgment. 

On this subject some hints may be offered under four heads, viz. : — 
methodical arrangement, security, economy, and the catalogue. 

1. Methodical arrangement, — Articles likely to be in most frequent use 
should be packed together, care being taken not to bring articles likely 
to injure one another into close contact. Fragile articles Csuch as glass 
bottles) should be packed in small separate boxes or cases, so that, should 
they be broken, they may not leave a void which will cause all the 
contents of their case to jumble about. Chemicals and explosives should 
be kept separate from other things ; and, before being packed, inquiry 
should l)e made as to regulations to which they will have to submit on 
ship-board, &c. 

2. Security against (a) breakage, (6) damp, and (c) robbery should be 
studied whilst packing. 

a. To guard against breakage, packages should be of reasonable dimen- 
sions. For an inland traveller 75 lbs. gross weight should be about the 
maximum of any single package. A horse or mule can take a (conveniently 
shaped) box of this weight on each side, and 60 to 60 lbs. between them 
on the top. Where goods are intended to be carried by porters, it is not 
recommended that any single package should weigh more than 66 lbs. 
Heavier packages will almost certainly have to submit to very rough 
treatment. Further security against breakage can be had by sub-division, 
that is to say, by packing boxes inside boxes, tins within tins, &c. 
Everything should be tightly packed, and all vacant spaces filled up. 
Oblong boxes travel best. The air-tight metal, so-called " uniform," cases, 
are strongly recommended, but for a prolonged journey require to be 
protected by outer wooden cases. 
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h. To guard against damp (on ship-board, in countries with heavy rains, 
passage of rivers, &c.)> all perishable things should, where practicable, 
be enclosed in tin and soldered, particular care being taken that everything 
is thoroughly dry lefore being soldered up. It pays the traveller well to have 
his outer wooden cases made of the best deal, closely fitted, and varnished 
or double varnished to prevent absorption of moisture by the wood. 

c. Glosely-fitted^ well-made cases afford great trouble to thieves, and 
gaping packages, with partly-exposed contents, invite robbery. Boxes 
which are screwed down are more secure than nailed boxes, as thieves are 
frequently not provided with screwdrivers. Use brass screws, if possible, 
for cases which have to be frequently opened and re-opened ; iron screws, 
if used, should be tallowed before inj^ertion ; they will then unscrew more 
easily. Articles of value should be kept out of sight as much as possible. 

3. Economy, — It is false economy for the traveller to buy any but the 
best articles for his outfit, or to carry useless things. Many articles 
may be put to double uses, and economy can bo effected by selecting such 
materials as can be most widely applied. For example, articles to be 
used as presents may also be put to use on the journey. There should 
be no waste space in the packages. Every interstice can be filled up with 
articles which may be turned to account. For the finishing touches tow, 
cotton-wool and paper may be advantageously employed, as all these 
materials can be used for a diversity of purposes. If the traveller does 
not himself superintend the packing of his goods, he must not expect 
foresight in these small but important particulars. 

4. The Catalogue of Outfit. — As each package is finished its contents 
should be carefully catalogued, and the package numbered distinctly on 
several sides, corresponding numbers to be entered in the catalogue. In 
the event of the contents of a box being varied and numerous, roughly 
classify them before entering. The traveller himself should carry the 
catalogue on his person, and, where there are a large number of packages 
and articles, it will be found of advantage to form a classified catalogue 
showing the disposition of the articles, as well as a numerical one showing 
the contents of each package. 

The articles which go to make up a more or less complete outfit may be 
roughly classified under the following heads : — 1, Provisions ; 2, Clothing ; 
3, Instruments; 4, Stationery, note-books, books and maps; 6, Appli- 
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ances for collecting; 6, Articles for presents or barter; 7, Camp equip- 
ments ; and 8, Medicines. 

1. Provisions, — ^The following are good for all countries and all 
climates : — ^tea (in tins) ; preserved milk, or cocoa and milk (in tins) ; 
Liebig's extract (sold usually in jars, but will keep equally in well- 
soldered tins); preserved soups in tins (Symington's pea-flour soup is 
excellent at low temperatures, and requires only one minute's boiling) ; 
lemonade effervescing powder (will keep perfectly if soldered in tin); 
dried onions ; eating-raisins ; chocolate in cakes ; mustard, salt, pepper, 
and curry-powder. 

Preserved meats of all descriptions can now be procured in nearly all 
civilised parts, and in most instances will keep for an almost unlimited 
length of time. When purchasing, all tins should be inspected, and 
hulged or battered ones should be rejected, A convex end indicates putre- 
faction inside. The best course is to purchase direct from makers of 
established reputations. Empty provision-tins are often highly appre- 
ciated as presents, and the larger can be utilised also for natural history 
specimens (birds and mammals) ; the smaller for shells, insects, &c. 

2. Clothing. — ^Woollen goods are to be preferred for all coimtries and 
for all climates. Boots should be amply provided, and be got into wear 
before departure; they should be broad-soled, and not too thick or 
heavy. A supply of nails should be taken. An *' ulster " coat, one or 
two sizes larger than a fit, will be found useful to sleep in. Travellers 
who have been in, or near, the districts to be visited, should be consulted 
as to what specialties may be required. 

3. Instrwnmits {including Photographic Apparattis). — (See Sections L 
and VIL) 

4. Stationery ; Note-books ; Books and Maps, — ^The descriptions of paper 
most useful are bank-post, tissue, and botanical. Note-books should be 
made out of bank-post, be bound in parchment, and have gilt edgea 
It will be found a great convenience, to classify observations into 
separate books, or distinct divisions: (a) an angle-book, for the survey 
observations, barometric, &c. ; (6) a general note-book ; (c) notes on and 
numbers of natural history specimens. Such classification must be effected 
sooner or later if the observations are to be turned to account. Tracing- 
JJnen (sometimes called tracing-cloth) is more useful than tradng- 

pqper. Labels, adhesive or tied, according to the climate, for bottles mitt 
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natural history specimens, should not be forgotten. Ink-powders, a 
good portable inkstand, and steel pens of various descriptions should be 
taken. Brandaner's "Oriental Pens" are reconunended for fine work. 
Sketches and notes, particularly the records of angles, in pen-and-ink are 
to be preferred to the same in pencil, as the latter often become illegible. 
The nature and the extent to which the traveller should take books 
and maps must be determined by his particular circumstances. A few 
sheets of Letts's sectional paper (i.e. paper with printed lines crossing at 
right angles) will always be foimd of service for making maps and plans. 

5. Appliances for Collecting, — (See Section IV.) 

6. Presents and Articles for Barter. — Clasp-knives, of all sorts, are 
esteemed. These are most advantageously obtained direct from Shef&eld 
and Birmingham manufacturers of repute. Spectacles are useful in many 
countries. Small musical-boxes are generally appreciated. Beads are 
still good for many parts, but judgment is required in purchasing 
only those sorts that are in fashion. Information should be sought from 
previous travellers. Birmingham and Venice are the principal centres 
of the bead manufacture. For almost all wild or partly-civilised 
countries special articles may be usefully carried. Inquire beforehand. 

A few simple conjuring tricks, and the knowledge of how to show them 
off, are often of the highest use to travellers in winning the esteem and 
respect of their temporary hosts. 

7. Camp Equipments; Filters; Arm^. — For rough travelling, or for 
journeys on which it is desirable to carry only a moderate amount of 
impedimenta, the pattern of Whymper's Alpine tent is recommended. 
Tents of this nature, 7x7x7 feet, form a moderate load for one man. For 
prolonged journeys it is best not to have the mackintosh floor sewn down, 
but loose, so that it may be readily dried. Several waterproof sheets of 
various sizes are sure to come in handy. Tents (small Fal), 7x7 feet, 
poles 5i feet, were used in the Kashmir Survey in the high ground, made 
of cotton cloth (dussootie), and lined with coarse woollen cloth (puttoo), 
made in the country. With their light fir poles they were only a load 
for one man. The men often preferred lying in them on the ground to 
pitching them. 

Filter. — A good " traveller's filter '* is still a desideratum. Abyssinian 
pocket-filters are reconamended, but are of no use for the supply of large 
quantities. A piece of mackintosh sewn up in a cone shape, with cane or 
wire round the large end to distend it, and Nr\\jQ. ^^ "^Vs^fe ^i ^^-vis^'siis^R^ 
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in the neck, is better than nothing. Not only filter thoroughly, but also 
boil the water. Too much trouble cannot be taken to obtain pure water. 
More travellers have probably lost their lives through fever, and through 
drinking bad water, than from all other causes put together. For carry- 
ing water for use on the march (or other liquids), Silver's ebonite flasks, 
felt-covered, with attached straps, are recommended. 

Some knowledge of how to cut up an animal or prepare a fowl for the 
pot is very useful. And the more the traveller knows of simple cookery 
the better, for if he should not cook himself he will be in a position to 
teach others. He should, whether he will use it himself or not, take 
pains to select before starting the form of portable cooking apx)aratus 
best suited to his purpose. 

A supply of fish-hooks and lines of different sizes are very useful ; 
given out to the men in camp, they will often enable them to supply 
themselves with food. 

Take strong riding-whips, and strong twine and whipcord. The best 
twine commonly made is called " page-cord " (used by compositors for 
tying up pages of type). If rope is wanted, use Manilla. 

A small leather roll, containing a chisel and gouge or two, two files, 
one A gimlet, bradawls, small metal punches and cold chisel, wire- 
nippers, pincers, screwdrivers, and small fine saw, most serviceable for 
mending broken articles, if the travellers can use them. 

Arms and Ammunition. — The nature and extent of his battery will 
be matters for the traveller himself to decide. For rough travel it is 
a question whether muzzle-loading guns may not be better than breach- 
loaders. Revolvers are more useful for the moral effect they produce 
than from any actual service they render. 

8. Medicines, — (See Section VII.) 

The experience of their predecessors will probably be given to intending 
travellers in the most practical form, by furnishing them with the actual 
list of articles taken by some recent explorers. It has therefore been 
thought best to supplement these general remarks by complete lists of 
the outfits taken by Mr. E. Whymper on his recent journey in South 
America, and by Colonel Grant in Africa, to which are appended some 
notes by Mr. J. Thomson, now travelling in the Society's service in 
Senatorial Africa, 
In introducing these lists it aeema ABBm\>\'ei ^wcl ^ ^int out that 
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tbey are giyen here as sources of valuable information, and not as exam- 
ples for servile imitation. They are obviously open to diverse criticism. 
On the one hand, the .preliminary list of Requisites, compiled chiefly 
from the catalogues of some of our principal outfitters, makes no pretence 
to be in any way complete. On the other, some of the articles in the 
lists which follow may become superseded by improved appliances and 
new inventions, or may be superfluous for travellers who have not the 
same means or aims as those who have supplied the lists. 

If these lists appear at first sight excessively bulky and costly, the 
traveller must remember that they represent what practical and ex- 
perienced travellers with scientific aims have actually found useful in 
protracted journeys — the one in a semi-civilised, the other in a barbarous 
country. He need not be discouraged if unable to imitate such complete- 
ness, for some of the greatest journeys have been made with very 
inadequate resources. 

The object of the work is to give the traveller the means of selection. 
In the details of the process he must, as has been said before, guide him- 
self by the special circumstances of his journey. 

The traveller, whose object is to be in light marching order, can hardly 
be further instructed with profit than by a general admonition to see 
that he has suitable warm clothing, proper medicines, a serviceable cook- 
ing apparatus, which need weigh little more than a kettle, and concentrated 
forms of food to fall back on in case of need. 

Requisites for a Tropical Tour — 

Leech gaiters ; * ventilated topee ; puggarees ; felt hat ; stout shooting- 
boots ; canvas shoes ; rug or plaid ; mosquito curtains ; waterproof 
tin despatch-box; lined umbrella, for sun;t bags, saddle, and 

♦ Colonel God win- Austen says : " An eflfeotive way to prevent leeobes attack- 
ing the ankles and legs, is to wear woollen stockings ; then over them, round the 
legs, 'patawas^ the woollen bandages as worn in the Kashmir Himalaya, and now 
served out to our troops on mountain service in India. Then, last, a pair of 
cotton socks tied above with tape. After adopting this plan in the Terai and 
Assam I never got bitten." Stout doth gaiters with straps, not buttons, are 
preferred by many travellers to leather. They are lighter, warmer, and resist 
snow better. 

t For surveying work should have a long handle, in two pieces or joints, the 
lower joint being spiked to fix more firmly in the ground. 
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yalise; field hammock; portable camp bedstead; folding tables; 
himting-kniyes; patent ebonite water-bottle, covered in felt. 

Requisites for an Arctic Towr — 

Flannel shirts; under waistcoats and drawers; long lamb's-wool 
stockings; woollen suit; fur coat, gloves and cap; flannel or 
blanket belt; woollen comforters; snow shoes; mocassins; hair 
eye-screens; wool, Austrian, or fur rugs. 

Patent Norwegian cooking apparatus; wood camp bedstead, with 
sacking bottom ; bed for ground ; black canvas valise, with serge 
cork mattrass; sleeping-bags of woollen material or sheepskin 
straps; tent-pole hook; canteens, fitted with enamelled iron ware 
waterproof bags; tan canvas kit. 

List or Me. Whtmpeb's South Amebioan Outfit. 
Stationery, <fec, — 

Stencil-ink, brushes, and stencil-plates (various). 

2 " Traveller's Inkstands " (Hachette's) ; inkstand in case. 

Steel pens (various), including very fine sorts ; stylographic pen. 

Drawing pencils, brushes, pen-holders, and letter fasteners. 

Parchment and gummed labels (various), 6 gross in all. 

Tissue paper (useful for various purposes, including photographic 
printing). 

Bank-post ; cream-laid papers (various sizes) ; blotting-paper. 

Stamped and plain envelopes (various) ; canvas envelopes. 

4 doz. memorandum books ; sketch-books ; gum ; ox-gall ; red tape. 

Tracing-paper, and a roll of tracing-linen ; ferro-prussiate paper. 

Drawing-pins; penknives; Chinese white and water-colours; 2-foot 
steel rule. 

Note-books, bound in parchment, with clasps ; photographic register ; 
journal and general note-books; daily notes; angle-book; boiling- 
point book ; catalogue of collections. 

Maps, Books, (fee- 
Admiralty charts, maps, and works of importance, for reference on 

the spot. 
Dictionaries and grammars for languages spoken in country to be 
traversed. 
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' Hints to Travellers.' 
Lockyer*s ' Astronomy.' 
Bethune's ' Tables.' 
' Admiralty Manual.' 
' Sailor's Pocket-Book.' 
Frome's ' Surveying.' 

Photography, — 

12 doz. prepared dry plates (8i x 6i inches). 
8 „ „ „ (6i X 4i „ ). 

Nest of glass measures ; stirring-rods. 
Beakers, from 25 oz. downwards. 
Water-tank with tap, india-rubber tube and clip. 
6 printing frames. 
Draining-rack for plates. 

Scales with glass pans, and weights down to half a grain. 
100 pieces albumenised paper soldered down in zinc. 
200 „ sensitised „ „ „ 

5 ebonite trays for developing. 
1 glass dish 

Large flat camel's-hair brush. 

Whole plate camera (Meagher's), in leather case, with five double 

backs and one single ditto; two folding camera-stands (long and 

moderate length). 
Doublet lens (Boss). 
Symmetrical lens (Boss). 
12 lbs. hyposulphite of soda, soldered up in small packages, 

3 ozs. pyrogallic acid, soldered up in separate ounces. 
8 „ bromide of potassium (used also medicinally). 

4 „ acetate of soda. 
12 tubes chloride of gold. 

Ammonia, in glass-stoppered bottles, soldered in tin cases. \ 
Parcel of filtering-paper. 
Buby glass lamp. 
„ „ in strips. 

6 negative store-boxes, to hold 24 plates each. 
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Clothing, &c, — 

9 towels ; 12 flannel shirts ; 2 white shirts ; 16 pairs angola socks ; 
26 pocket-handkerchiefs; 3 neckties; 6 shirt- collars ; 3 pairs 
mountain-boots ; 1 pair ordinary boots ; 1 pair lawn-tennis shoes 
for shipboard; 4 suits, woollen, various thicknesses; dress suit; 
Panama straw-hat ; Arctic cap ; travelling-cap. 

Red felt for tablecloth ; large sponge and several small pieces ; tooth- 
brushes ; very thick woollen jersey ; 2 rowing " sweaters ;" 2 woollen 
comforters ; 2 neck-wraps ; 3 pairs knitted woollen gloves ; 1 pair 
woollen mits; 2 pairs leather gaiters (own pattern); 2 linen 
masks (for snow); 2 woollen head-pieces; folding felt slippers; 
cork soles ; small pieces of mackintosh (various) ; several hanks 
whitey-brown thread ; several pieces inch-wide tape ; dusters and 
cloths ; common pins, sewing-needles, and packing-needles ; down 
dressing-gown ; very long ulster coat. 

Miscellaneous, — 

Two tents (own pattern) 7x7x7 feet, packed in stout canvas bags. 
Sheepskin rugs laid down on felt. 
Waterproof sheet 10 x 10 feet. 

* „ „ 6*6 x 6*6 feet. 

4 bags of forfar (to be stuffed with hay for beds). 
4 „ „ ( „ „ „ pillows). 

Various bags (to be filled with stones or sand to keep the tents firm). 
Four 100-foot lengths of Manilla rope ; 6 ice-axes. 
Various mackintosh and leather courier-bags and knapsacks. 
Musquito-nets ; various bags of forfar ; tin flasks and cans. 
2 pint ebonite bottles, felt-covered, with straps (Silver's). 
Cooking apparatus (from Nares* surplus stores), with attached 

pannikins, and small ditto. 
Water-tank, with filtering sponge and tap; 2 pocket filters. 
Salter's spring balance, weighing to 25 lbs. 

Double gun, by Holland (rifle and shot), shot (various), gun- 
powder, &c. 
NJg'birOighiB and candles ; folding camp-chair. 
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Insect-net ; botanical collecting-book and paper. 

Knives for opening tins ; brass spirit-lamp. 

Geological hammer. 

14 lbs. tobacco ; cigars, cases, pouches, pipes ; flint and steel. 

14 cakes soap ; camphor. 

Balls of strong twine (various) ; screws and nails, various sizes. 

3 gross glass bottles (various sizes) for insect collecting. 

Medicines (various). 

Fresents, &c, — 

500 bead necklaces (amber, turquoise, &c.). 

250 silvered and gilt crosses, various patterns. 

150 pairs of earrings and brooches. 

800 eye-protectors (green, blue, white, and neutral tint glasses). 

72 gilt and silvered watch-chains. 

24 pairs of spectacles and eye-glasses. 
18 tin dishes fitting one inside another ] 

25 „ plates V (used also in cookery). 
36 „ spoons J 

Silver toothpicks. 

Keyless silver watch. 

25 good pocket-knives, various descriptions. 

6 corkscrews. 

Small tape measures in brass cases. 

Various plated goods. 

12 circular looking-glasses. 

12 mouse-traps. 

Instruments. — 

Silver lever watch; gold pocket-chronometer; independent seconds 

watch. 
Kepeating travelling clock, with alarum. 
6-in. sextant (Gary). 
3-in. transit-theodolite (Casella). 
2 theodolite stands „ 

2 mountain mercurial barometers, Fortin (Hicks). 
1 mercurial standard barometer. 
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11 boiling-point thermometers (various makers). 
Henderson's boiling-water apparatus (Hicks). 
8 aneroid barometers (Hicks, Casella, Hilger). 
Telescope in sling case ; field-glass in aluminium. 
Thermometer in metal tube, for pocket. 

Case containing maximum, minimum, and clinical thermometer. 
Prismatic compass ; various pocket-compasses. 
Multiplying winch and measuring line. 
Metallic measuring tape, 60 feet (Chesterman's). 
Case of mathematical instruments. 
Drawing-pens (various) ; Napier's compasses. 
' Travelling combination pocket-knife ; corkscrew and whistle. 
Russian furnace. 
Magnesium riband. 
Small musical-box. 
Screwdrivers (various). 

Clothing, instruments, and valuables were packed in air-tight metal 
Tiniform-cases, with outer double-varnished wooden cases. Provisions 
and the bulk of the goods were packed in tin, and soldered down, inside 
double-varnished close-fitting wooden cases. Chemicals and articles 
likely to be injured by damp were in double tin cases, soldered down 
separately one over the other. The majority of the cases measured 
281 X 111 X lOi inches. This was found a very convenient shape for 
mule travelling. 

The whole, including provisions, amounted to 42 packages. Gross 
weight about 2300 lbs. Total cost of journey 1750Z., exclusive of cost 
of instruments and plant brought home in good condition. 

All of the articles enumerated in the above lists were taken out from 
England, and scarcely anything, except part of our food, was purchased 
in Ecuador beyond the following articles : — 

Waterproof capes (ponchos); woollen ponchos; saddles; riding- 
whips; machetas. 

These articles could have been obtained of better quality and at less 
cost in England. 

Ed. Whymper. 

J^edruary, 1883, 
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List of the Late Captain Spseb's Outfit. 

The following articles constitute the kit taken by Captains Speke and 
Grant in their journey, 1860-63, from Zanzibar to Egypt. Colonel Grant 
says it was found sufficient for both of them for three years, though not 
replenished, except with some copper wire, beads, and cowries bought in 
the interior. 

Instruments for observing — weighty 228 lbs. 

3 sextants, Sh inch radius ; one left in Africa. 
2 stands for ditto. 

2 artificial horizons, and bottleful of mercury. 

1 gold chronometer; 1 silver ditto: 1 lever watch, with double 
detaching second hands ; 1 lever watch with split second hand ; 
1 ordinary watch. 

3 prismatic compasses, cardless, with platinum rings. 

2 magnetic compasses. 
1 telescope in sling. 

1 Traveller's and 1 Livingstone's rain-gauge. 

6 boiling thermometers, 1 maximum and 1 minimum. 

2 bull's-eye lanterns, with vessels to fit, for boiling thermometers. 

Mapping and Drawing InstruToents : — 

2 reams mapping paper ; tracing paper. 

1 circular protractor ; 1 parallel ruler on rollers. 

1 case mathematical instruments. 

1 fifty-feet measuring-tape. 

h ream open foolscap, graduated in squares. 

2 boxes (tin) of water-colours, in leather covers. 

4 block sketch-books ; brushes, and drawing-board. 
6 dozen lead pencils (various). 

2 gold pens, with which all writing was done. 
India-rubber and rings ; set squares and curves. 

Books : — 

Eaper's ' Navigation.' 

Coleman's ' Nautical and Lunar Tables.' 

4 log-books ; 12 field-books ; 5 longitude ditto. 
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4 * Nautical Almanacks/ 1860-63. 
Tables for measuring breadth of rivers. 
Maps of Africa, foreign and English. 

BifleSy Arms and Ammunition, — Presents : — 

2 single Lancaster elliptical rifles (bore, 40). 

1 single rifle (bore, 4). 

1 ditto (bore, 16). 

1 double rifle (bore, 20). 

1 double rifle (bore, 10)— present. 

2 smooth bores (bore, 12) — ^presents. 

1 Whitworth sporting rifle, single barrel (present). 
. 1 Colt's revolving rifle (present). 

2 Tranter's revolvers, in belts (presents). 

Tumscrews, vices, &c. ; no gun-cases, merely waterproof covers. 
600 rounds of ammunition for every barrel, and a few bags of shot ; 

powder and caps. 
60 carbines, with pouches, sword-bayonets, and belts (Koyal Artillery 

pattern, 1860), each 13 lbs. 
200 rounds for each carbine; caps in proportion. 

Presents for Arabs : — 

1 gold watch in a sword-belt. 

3 gold enamelled lever watches. 

Bartering-Qoods and Presents for Natives : purchased at Zanzibar : — 

Copper and brass wire, value 442. 

346 lbs. of copper wire. 

360 lbs. of brass wire. 
Cotton and silk stuffs ; 79 loads of 60 lbs. each. 

Total value of cotton and silk stuffs, 3392. 
Bead coinage, 36 loads. 

Total value of beads, 217Z. 

Ca^np Outfit: — 

Two tents, single canvas, 7x7x7 feet— weight of both, 31 lbs. ; two 
poles each, their weight extra. 
J2 blankets (grey Crimean), and ^ pair scarlet ditto ; weight 73 lbs. 
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2 white seige sheets. 

2 iron bedsteads, 28 lbs. each. 

2 iron camp-stools^ 8 lbs. each. 

2 mnsqiiito curtains. 

6 sheets of white waterproof, about 10 feet square ; used for rolling 

the bedding in, and for coyering the roofis of huts or tents during 

rain. 
2 hair pillows. 
2 gingham umbrellas, half-carriage size with white covers. 

Clothing : — 

24 flannel shirts ; 12 flannel trousers ; 8 trousers of unbleached drill ; 
4 waistcoats of Scotch tweed, 4 deep pockets in each ; 1 suit of 
blue serge; 1 alpaca coat; 24 pocket-handkerchiefs; 6 pairs 
leggings, of leather; 12 pairs of shoes ; 6 dozen socks, half wool; 
4 wideawakes; 1 housewife (large), needles, buttons, &c. 

6 Japanned tin trunks : — 19i x 13i x 12i; 21* x 15* x 14i; 
23i X 17i x 16i, weighing 13, 14, and 17 lbs. each. 

Cooking : — 

Nest of 7 double-tin buckets, each with its coyer, which answered for 
plates, and black canyas coyer ; weight, 26 lbs. 

1 digester for making soups, 15 lbs. 

2 pewter mugs, without glass ; 2 teapots (oyal), tin. 

8 table-kniyes ; 4 table-spoons ; 2 teaspoons. 
18 lbs. of clarifled butter. 

9 bags of rice ; 40 lbs. of tea ; 108 lbs. of coflfee. 

Odds and Ends: — 

4 leather bags. 

2 saddles (Zanzibar), pack. 

2 English stirrup-leathers, and 2 donkey bridles. 

12 packets ink-powder (black and red). 

9 lbs. white bar soap. 

24 Eogers* 3-bladed penkniyes for skinning specimens.. 

6 sailors' knives, to hang from a cord. 

Botanical paper, thick and thin ; 4 books f(»: notes. 
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Photographic (stereoscopic) instruments and chemicals, dry plates, &c. 

2-foot rule ; spring balance to 60 lbs. ; lamp-oil (6 bottles). 

12 needles for repair of tents, &c. 

Tools: 2 hammers, 2 saws, pincers, 6 files, 2 chisels. 

Medicines : — 

In brass-bound case, 8} x 11} x 10, in an outer case bound with iron. 

Weight, when full, 30 lbs. 
Contents : — ^Brown's blistering tissue ; calomel ; plaster ; citric acid ; 

quinine, 6 ounces ; essence of ginger ; jalap ; rhubarb ; blue pill ; 

colocynth; Dover's powders; laudanum; caustic; emetic Also 

weights, scales, salyes, pestle and mortar, &c. 
Bum and brandy, about 20 bottles. 

Instruments for observing, maps, books, arms, and ammunition ought of 
course to be taken from this country. If natives are the means of carriage 
the fewer boxes the better ; strong bags, such as every sailor has, when 
soaked in a solution to resist damp and white ants, may replace them with 
advantage, and are carried with comfort to the men. A collapsing boat, 
such as is employed in our navy in the present day, is light, and answers 
well for crossing rivers. Boats of steel in sections, such as Stanley used 
in circumnavigating lakes, would be still better. Specimens of natural 
history, all papers, and botanical specimens must be protected in Japanned 
tineas. 

If I were to travel again in the interior of Africa, I do not think 

I would alter the above list except to add table-salt, pepper, pressed 

vegetables, curry-powder, rum or whisky, some pounds of tobacco, and a 

more ample supply of quinine, and twenty pounds weight of the seeds of 

our vegetables.* 

J. A. Grant. 
9Qnd February, 1883. 



* The cost of the journey came to about 84002. The following were the 
principal items : 

Instruments for observing, supplied by B. G. S. 
Mapping and drawing instruments .... 
Books 
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Mb. J. Thomson's Notes. 

The nature of the country I propose to traverse is an eleyated table- 
land along the Equator, with numerous very high mountains, reaching 
to, and even rising above, the snow-line. It is expected that the expe- 
dition will last about a year and a half, and the means of transport is 
porterage by negroes, who carry their loads always upon their heads and 
shoulders, never upon their backs. The expense is estimated at 2500Z. 
to 3000Z., exclusive of journey to Zanzibar and back, and the purchase 
of arms and scientific instruments. A large portion of the cost is 
incurred in the food and wages of the porters and escort ; in this case, 
150 men. 

Bearing these facts in my mind I have provided the following outfit;— 
For carrying my clothes, books, &c., 8 boxes, of different sizes, water- 
tight, well rounded at the edges, not more than 10 inches deep, and not 
very wide, so that they may be easily grasped when on the shoulder or 
head. The larger boxes are for carrying clothes only, the smaller for a 
mixture of clothes with heavier articles, such as books, boots, &c. None 
of the boxes when filled to weigh over 60 lbs. 

For clothing I have provided 1 ordinary suit of tweed clothes for the 
colder regions, 3 suits of tropical tweeds, and as many of white drill ; 

£ 8. d, 

Bifles — ^presents (carbines supplied by Government) . 600 

Presents to Arabs .... . . 115 

Bartering goods and presents (purchased at Zanzibar for 

natives) 2064 11 

Camp outfit 50 

Clothing 80 

Cooking 25 

Odds and ends . 66 11 

Medicines 12 5 

Goods purcliased in the interior — Expense of sending our 
followers from Cairo to Zanzibar —Their wages — Our 

journey from Cairo to England .... 210 

3428 14 
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6 strong loose shirts, with pockets, and as many thin jerseys ; 6 pairs 
of thick woollen stockings or socks; 1 pair of strong boots, for wet 
season; 2 pairs of lighter make, for the dry season, and 2 pairs of 
canyas shoes for camp nse, and when feet are sore. Heayy boots are to 
be condemned for the tropics, as the feet soon become scalding hot, 
making trayelling in the heat of the day most painful. 

Canyas gaiters are of great use, to keep mud out of the boots when 
tramping through swamps, and to protect the legs in thorny scrub. 
A tropical waterproof and a comfortable ulster make up the clothing list, 
with the addition of such minor articles as handkerchiefs, scaryes, &c. 

We have next to consider camping requirements. 

I haye formed a yery decided opinion as to the necessity of the African 
traveller making himself as comfortable in camp as the circumstances and 
the extent of the expedition will permit. The climate is so trying and 
varied, that to attempt " to rough it " unnecessarily is simply to invite 
disease, and too often death. 

Impressed by experience with these convictions, I have been careful to 
select a fairly roomy tent, 9 feet long, of good canvas. An iron bedstead, 
with cork bed, and two warm Austrian blankets. A folding chair, camp- 
stool, and small portable table. The latter is an immense convenience 
when much writing has to be done. 

For short quick trips, in which I might be away from camp for a day 
or two, I have provided a palkee hammock, which forms a bed and tent 
in one. 

For carrying any sick person an ordinary string hammock is taken. 
A mosquito curtain makes up the list of tent furniture. 

Instead of carrying an ordinary bucket canteen, I have had a basket 
fitted up with all the necessary articles. 

I, of course, take with me a small medicine-case, specially fitted with 
a view to the treatment of fevers, diarrhoea, dysentery, liver disease, &c., 
and besides I have been careful to have some of the more useful medicines 
in separate bottles in case of accidents. 

Among other useful articles, the following may be mentioned : — ^Water- 

proof ground sheets; roll -up case of tools; one '577 Express rifle, one 

•577 reduced to '4:60, a 1*2 bore gun, a revolver, with ammunition to 

suj^/ two axes; a hunting knife ; two bill-hooks and two reaping-hooks, 
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to be used in camping and cutting a way through jungle ^id forest • 
diary and necessary stationery ; some books, especially sudx^is can be 
read and re-read. 

These articles^ with scientific instruments, photographic api)aniG(is (&c. 
form the chief part of my equipment. 

I haye not thought it necessary to lay in a supply of stores, bqi^ ^s 
tea, coffee, sugar, &c., as they can be got almost as cheaply in Zana^. 
Goods for bartering must also be got there, as I should otherwise ruix\ii^e 
risk of taking out what would, to a large extent, prove to be utteft^ 
worthless. 

As the country through which I haye to pass is reported to b« 
dangerous, I shall arm as many of my men as possible with short Snider 
rifles, and take revolyers for myself and the leaders. 

JOSBPH ThOMSOK. 

DeceTober 3, 1882. 1 

For further information on Outfit, especially in arid countries, the 
intending traveller is referred to pp. 9-11 of Mr. Galton's ' Art of Trayel ' 
(5th Edition). 



Mountain Tbavbl. 

The Highlands of Central Asia form one of the fields likely next to 
attract explorers. If their exploration is to be thorough, trayellers must 
take with them some knowledge of glacial phenomena, and at any rate 
the rudiments of the mountain craft which has been brought to perfec- 
tion by three generations of Alpine peasants. Without these qualifica- 
tions they will find themselyes obliged to leave large and, to the physical 
geographer and geologist, singularly interesting tracts of country ill- 
mapped and imperfectly explored. The practised mountaineer is free 
both from the fear and i^e rashness of the less experienced traveller. He 
is not likely to be deterred from visiting a remote valley because ice and 
snow, and possibly steep and rocky ridges, intervene between him and 
it; on the other hand he will not start on such an enterprise without 
every appliance that may enable him to conquer the difficulties of the 
way ; he will not either be frightened into retreat by the first crevasse, 
or stopped by a hard-frozen slope. 
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Ropes a(^ice-^6S (preferably of the Alpine Club pattern) are essential, 

and thei^P®'* ^^®' ^P ^ *^® present time hardly known outside Europe, 

shoiQd H^ learnt. This may best be done in an Alpine tonr, with an 

expei3#^ glacier goide. A party of three is the smallest consistent 

with^®*y above the snow-line ; and the majority, whatever the mimber, 

f expedition of difficulty, must be experienced climbers. Snch 

[tions will best be made from a base where the heavier luggage and 

idants are left. 

^i!£he effect of rarified air at great heights in reducing the powers of the 
^man frame is a subject on which precise knowledge is still wanting. No 
ime has yet reached, or closely approached, the limit at which the exertion 
of walking uphill becomes impossible to a person in normal health and 
accustomed to great elevations. It lies therefore considerably above 22,000 
feet. On the other hand, mountaineers agree that their powers diminish 
perceptibly as they ascend above 12,000 feet. In De Saussure's generation 
both he and his guides were, at 15,000 feet, on Mont Blanc, unable to do 
more than advance a few yards at a time, while modem climbers feel 
little or no inconvenience under the same external conditions. There is 
no doubt that the body acclimatizes itself to the upper air : and '* traimng " 
is therefore the best remedy against mountain-sickness. Chlorate of pot- 
ash lozenges may be used with advantage as a palliative. 

The special requisites for snow and ice expeditions are included in 
Mr. Whymper's List. 

General information on all subjects, both scientific and practical, con- 
nected with mountaineering is given in a compact form by Mr. John 
Ball in his Introduction to ' The Alpine Guide,' published separately by 
Messrs. Longmans (2s. 6f?.), or, of more recent date, in the " Introductory 
Sections" to Murray's 'Switzerland' (Edition 1879). Mr. Galton has 
reprinted (* Art of Travel,' p. 49) the Alpine Club report on ropes and 
ice-axes.— DouoLAs W. Fbeshfibld. 
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